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During the developmental period of cytologic technics for diag- 
nosing pulmonary cancer in smears of sputum and bronchial washings, 
roughly the 7 years from 1945 to 1952, it has become increasingly 
evident’ that it is possible to determine not only the presence of cells 
exfoliating from malignant pulmonic tumors, but also to make approx- 
imately accurate estimates as to the type of new growth involved. The 
practical application of this observation is manifest: not only can the 
presence of cancer be detected definitely in a very large percentage of 
the cases in which it is harbored, but its type may be recognized in 
80 per cent of these. This affords a basis for prognosis as well as diag- 
nosis. Should a pulmonary carcinoma be detected and be believed to 
be secondary to a primary growth still situated elsewhere in the body, 
operation on the lung would be futile; should it appear to be a pri- 
mary type of relatively low-grade malignancy, on the other hand, 
operation would afford a chance of possible cure. 

With these points in view a series of smears from 341 cases of pul- 
monary cancer was chosen for study. These included only those cases 
in which the laboratory diagnosis on smears was “class IV” or “class 
V” (fairly conclusive and conclusive evidence of malignant neoplasm, 
respectively) and in which sections of surgical or post-mortem mate- 
rial were available. They were selected from a series of smears of 
sputum and bronchial aspirates submitted to the laboratory during the 
past 7 years by several hospitals and physicians. Although a some- 
what greater number of cases was available, only the first 5,000 were 
used as a source of material; these were generously supplied by the 
laboratory for use in this study. 

The majority of the cases finally selected came from New York 
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Hospital and Memorial Hospital. The series of smears thus set up was 
carefuily studied and correlated with sections from surgical specimens 
or from specimens taken for biopsy from the actual tumors; any case 
in which the diagnosis from smears could not be checked against that 
on sections of tissue was forthwith discarded. The original diagnoses 
on the smears chosen for examination and study had been made by 
members of the staff of the laboratory and had been almost invariably 
corroborated by Dr. Papanicolaou. 

The purpose of the investigation was to ascertain with reasonable 
accuracy the percentage of cases in which the type as well as the pres- 
ence of pulmonary cancer could be determined. Diagnoses were based 
on the morphologic features of exfoliated cells in smears, all of them 
being checked against those of cells in sections of the tumors after they 
have been removed, or sampled by biopsy. It will be shown that the 
degree of accuracy for typing malignant tumors is satisfactorily high, 
ranging from 69.2 per cent for the most difficult to 89.9 per cent for 
the most readily recognized type. 


TypEes oF MALIGNANT PULMONARY TUMORS 


Before detailing the results of the investigation, it will be necessary 
to define the various types of malignant pulmonary growths and the 
nomenclature to be employed in this paper. The more one studies 
bronchogenic carcinoma, the more one is convinced that the classes 
into which it may be subdivided are not entirely clear-cut; they tend 
to overlap at their extremes, but there is enough adherence to type to 
warrant attempting recognition. For example, some tumors will ex- 
hibit squamous differentiation and keratinization of cells in isolated 
foci without being typically epidermoid; this may be noted in pleo- 
morphic and adenomatous types. Anaplastic carcinoma may consist 
chiefly of small round cells, which may be oat-shaped in sections, but 
they may occasionally exfoliate larger cells that arouse suspicion of 
pleomorphic or epidermoid carcinoma. In one instance such a tumor, 
definitely identified as anaplastic in sections, showed so many abnor- 
mal, keratinized, large and distorted cells in smears, that it was diag- 
nosed both by the laboratory staff and by me as epidermoid and the 
infrequent clusters of typical anaplastic cells were overlooked. For- 
tunately, overlapping of types is relatively rare. McDonald and his 
collaborators” have made it quite plain in their recent paper that there 
is significance to the various cellular types of bronchogenic carcinoma; 
that certain forms are more usually situated centrally in the larger 
bronchi, while others tend to appear oftener in the periphery of the 
lung. They also noted the variation of sex incidence in the patients in 
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their series, which is largely influenced by the type of tumor involved; 
about 3 per cent of patients with epidermoid or anaplastic carcinoma 
are women, whereas from 14 to 20 per cent of those with pleomorphic 
carcinoma or adenocarcinoma are of that sex. The figures in the pres- 
ent investigation confirm these to a large degree. 


Bronchogenic Carcinoma 


The largest and most important group of primary tumors of the 
lung is comprised of growths taking their origin from the bronchial 
mucosa or the parabronchial mucous glands. It is roughly subdivisible 
into six types. 

- Epidermoid (Squamous Cell) Carcinoma. The epidermoid carci- 
noma resembles epidermoid structures like skin or stratified squamous 
mucosa and exhibits a variable degree of keratinization. Most impor- 
tant is its general resemblance to skin, whence its name. 

Pleomorphic (Large Cell) Carcinoma. There is no resemblance to 
normal tissue in the pleomorphic type which comprises large cells 
which may be uniform or very variable in size, shape, and appearance, 
the last feature being frequently bizarre in the extreme. The cells are 
usually loosely associated in masses that tend to undergo central necro- 
sis which may lend to the tumor a gland-like appearance. They show 
no keratinization, which distinguishes them from the epidermoid 
group. It is probable that they constitute a very immature, distorted, 
and malignant variety of the epidermoid type, but this cannot be 
stated categorically. 

Adenocarcinoma. Adenocarcinoma of the lung apparently arises 
from parabronchial mucous glands. Ewing* and McDonald e¢ al.? 
believed this to be so, as I do. Some authorities, however, think that 
they may develop from goblet cells of the bronchial mucosal lining. 
It is often difficult to distinguish primary bronchogenic adenocarci- 
noma from secondary metastatic adenocarcinoma coming to the lungs 
from some other organ. The primary form resembles mucous adeno- 
carcinoma in general. 

Anaplastic (Small Cell, Oat Cell) Carcinoma. The anaplastic carci- 
noma is composed of small round or ellipsoidal cells which appear to 
be extremely immature or embryonal and are uniform in their morpho- 
logic characteristics. In sections they may be elongated and oat-shaped, 
hence the popular name given them by Adami. 

Carcinoma in Situ. A relatively recent arrival to the ranks of tumor 
terminology is the non-invasive carcinoma, or carcinoma in situ, a 
growth in which there are local areas of distinct metaplasia and vigor- 
ous mitotic activity in the bronchial mucosa without, however, visible 


ae 
‘ 


966 FOOT 


invasion of the supporting tissue. In this series there were several 
examples of apparently advanced stages of this type, in which invasion 
was already proceeding, so that the terms non-invasive or in situ be- 
came inappropriate. Nevertheless, the morphologic features of bron- 
chial mucosa were so well retained that the tumors could be called 
neither epidermoid nor pleomorphic. For the purpose of convenience 
they were noted as “bronchial” types of epidermoid carcinoma, which 
was considered justifiable on the basis that epidermoid tumors often 
present areas in which bronchial architecture persists more or less. 
Furthermore, if this were not done, another and possibly impure type 
would have to be added to the already long list of varieties. 

Bronchial or Tracheal Adenoma (Carcinoid, Mixed Tumor). Bron- 
chial adenoma was, for a long time, considered to be non-malignant, 
but it is coming to be regarded as a slowly growing, but ultimately 
malignant neoplasm. It consists of small round cells that are granular 
and may be arranged either in solid masses resembling those of the 
intestinal carcinoids, even to possessing argyrophilic granules, or may 
take on the pattern and appearance of the cells of those primitive 
salivary gland carcinomas sometimes called oncocytomas. Its recogni- 
tion in smears is difficult to the point of being well-nigh impossible, as 
it does not exfoliate extensively and its cells are readily confused with 
those of anaplastic carcinoma. Only two of these tumors occurred in 
this series and both were unrecognized in smears. 


ALVEOLAR CELL (TERMINAL BRONCHIOLAR) CARCINOMA 


Alveolar cell carcinoma is comparatively rarely encountered. It 
apparently arises in the alveolar or terminal bronchiolar epithelium 
and, when found in smears of exfoliated material, is only fairly char- 
acteristic in its appearance. Sections of tissue show areas in which the 
alveoli are lined with grotesque palisades or festoons of metaplastic 
epithelium which transform it into the semblance of an adenocarci- 
noma. Since other carcinomas, whether bronchogenic or metastatic, 
may invade pulmonary alveoli and their cells align themselves along 
the walls, there is always an element of doubt in making a positive 
diagnosis of this particular tumor. 


METASTATIC CARCINOMA 


Certain tumors of other organs are prone to metastasize to the lung, 
i.e., pancreatic, mammary, gastric, and intestinal carcinomas. They 
are usually fairly readily recognized as aliens in smears, as they retain 
much of their original structure which is quite unlike that of primary 
pulmonic tumors. Most of them are adenocarcinomas, either definitely 
glandular in appearance or of solid “simplex” type. 
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SARCOMA 


Primary pulmonary sarcoma, arising from fibrous or cartilaginous 
tissue, is uncommon; there was but one example in this series. The 
appearance of the growth is naturally similar to either distorted 
fibrous or cartilaginous tissue and, as these are widely distributed 
throughout the body, there is always a question as to whether a given 
pulmonary sarcoma is primary or secondary. 


TERATOMA 


Intrathoracic teratoma may erode into a bronchus and discharge 
cells which will appear in the secretion; like other teratomas they are 
characterized by the mixed nature of their architecture and compo- 
nents, and their resemblance to poorly developed embryos. In their 
malignant form they are composed of undifferentiated tissue that looks 
like mesoderm, in which may be embedded islands of more or less ma- 
ture epidermis, glands, bone, cartilage, or nervous tissue. If a tera- 
toma shows any areas of undifferentiated, rapidly dividing cells, it 
should be considered malignant. 


RESULTS OF THE INVESTIGATION 


The total number of cases investigated, after rejecting unconfirm- 
able material, was 341; of these, 8 were epidermoid carcinomas of the 
esophagus, which should ve omitted from the statistical reckoning on 
that account. This tumor exfoliates cells that reach the mouth and 
may be expectorated, or it may break through into the trachea or a 
bronchus, whereupon masses of its cells mingle with the secretion 
which is coughed up. In diagnosing such tumors as epidermoid carci- 
noma, no mistake was made. Some of them were actually recognized 
as esophageal because of their hyperkeratinization and the occasional 
epithelial pearls, not to mention clues from clinical histories. 

The results of the study were tabulated on work sheets with the 
number of the smear, that of the surgical specimen, the patient’s name, 
the source of the smear (whether sputum or bronchial aspirate), the 
laboratory diagnosis of the smear, that of the surgical specimen, and 
my diagnoses of smear and specimen. Diagnoses were listed as general, 
specific, or erroneous as the case might be. It will be noted that the 
laboratory diagnoses, which were made by various members of the 
staff and checked by Dr. Papanicolaou, were more often general than 
specific, being usually limited to “fairly conclusive” (class IV) or 
“conclusive evidence of malignant neoplasm” (class V). My diagnoses 
were, in contrast, usually specific, as I was attempting to be so even at 
the cost of a good score for accuracy. The laboratory can take no such 
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chances; specific diagnoses as to types are more or less discouraged 
and the policy is to issue a general diagnosis that is supported by the 
evidence and which will warn the physician in charge of the case of 
what he may expect and how to proceed. 

It may also be pointed out that the recognition of types of pulmo- 
nary cancer is more likely to be an easier matter for an experienced 
surgical pathologist than it would be for a younger and less experi- 
enced man or for a cytologist who has not studied these tumors in the 
gross or in microscopic sections rather than smears. The question in 
this particular investigation, however, is not “can anybody do it?” 
but rather “can it be done at all?” 

After discarding the 8 cases of esophageal carcinoma, there still 
remained one in the New York Hospital series in which I regarded 
the diagnosis as tuberculous tracheitis and not carcinoma. This belief 
was based upon the discovery of numerous tubercles in the tracheal 
mucosa taken for biopsy and upon the absence of definitely malignant 
neoplastic cells in smears, of which there was a collection of about 40. 
This reduces the number of cases germane to the study to 331, the 
figure used for reckoning percentages of occurrence of the various 
types of tumor noted in its course. 


EPIDERMOID CARCINOMA 
Criteria for Recognition in Smears 


The smears from cases of epidermoid carcinoma tend to be rela- 
tively clean and free from numerous leukocytes. The most important 
criterion is the presence in the smear of large, obviously squamous 
and keratinized cells, either as single examples or arranged in clusters. 
Papanicolaou’s stain 267 (combining hematoxylin, eosin, orange-G, 
and light green) is best suited for accentuating the keratin content 
and it assists materially in making the diagnosis. The size of the cells, 
as well as their shape, may vary considerably; they may be attenuated 
into serpentine, sinuous forms, they may be squash-shaped or sphe- 
roidal. Some of them are evenly elliptical or cuboidal and small, if 
they come from erosions into the deeper layers of the neoplastic epi- 
thelium. Concentrically arranged clusters may constitute pearls, but 
as has been said, these are more frequently noted in esophageal than in 
pulmonary epidermoid carcinomas. Tight clusters of cuboidal cells 
cause confusion as they may suggest bits of the solid type of adeno- 
carcinoma, or the anaplastic carcinoma, and they must be distinguished 
from these. The nuclei of all of these abnormal cells are intensely 
stained or pyknotic, may be large and pleomorphic, and they appear 
definitely metaplastic when compared with those of desquamated 
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bronchial or oral epithelium. Mitotic figures are noted infrequently 
and are of little value in drawing conclusions. There are also cells 
intermediate in size between the extremes just described. They have 
an oval or elliptical outline, a rather small, precisely stained nucleus, 
and a distinct affinity for orange-G, wherefore Papanicolaou calls them 
orangeophil cells. They are often helpful in diagnosing epidermoid 
carcinoma. Non-nucleated, degenerate “ghost cells” are abundant in 
the presence of pulmonary carcinoma, but are of little value in diag- 
nosing types. Recognition of the type of tumor is easiest in those 
cases in which clusters abound in the smear. Keratinization may vary 
greatly; sometimes it is difficult to determine its presence. In these 
instances differentiation between epidermoid and pleomorphic carci- 
noma becomes difficult, which explains some of the errors made in 
diagnosing pleomorphic carcinoma in this series. More epidermoid 
carcinomas were misdiagnosed as pleomorphic than vice versa. 


Findings 


There were 175 bronchogenic carcinomas in the series. Only 6, or 
3-5 per cent occurred in women, a ratio of about one woman to 30 men. 


TasLe I 
Data on Epidermoid Bronchogenic Carcinoma 
Incidence Incidence in Diagnostic Laboratory Writer’s 
in women total series as to type diagnosis diagnosis 
ber cent per cent per cent 

N.Y. H.* 3.90 N.Y.H* sso N. Y.H.* 1.0 
M. H. 2.85 M. H. 52.0 M. H. 87.7 G 49 
All 3-4 All 52.0 All 89.9 WwW I 


* N.Y. H., New York Hospital; M. H., Memorial Hospital. S, specific; G, general; W, 
erroneous diagnoses, respectively. 


PLEOMORPHIC BRONCHOGENIC CARCINOMA 
Criteria for Recognition in Smears 


The smears of pleomorphic bronchogenic carcinoma tend to be 
“dirty,” with many pus cells and much débris present, which may be 
explained by the tendency of this type to undergo necrosis. Smears 
show cells of widely varying size and shape, with distorted and over- 
stained nuclei, but there is little of a positive nature to rely upon in 
making the diagnosis. It is rather by the absence of keratinization or 
of glandular clusters and particularly of uniformity in size, shape, and 
appearance that one formulates a conclusion. When clusters of large, 
irregular cells with overstained nuclei are noted, and the architecture 
of the clusters is that of a loosely connected group of cells without 
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definite arrangement the tumor is, in all probability, of the pleomorphic 
type. 
ype Findings 

There were 65 instances of pleomorphic carcinoma in the series; of 
these, 45 were correctly diagnosed, a rather poor showing. There were 


11 female patients in the group, or 17 per cent, a ratio of one woman 
to 6 men. 


Taste II 
Data on Pleomor phic Bronchogenic Carcinoma 
Incidence Incidence in Diagnostic accuracy Laboratory Writer’s 
in women total series as to type diagnosis diagnosis 
per cent per cent per cent 
N.Y.H.* 174 N.Y.H.* 16.3 N. Y.H.* 78.0 S* 
M.H. 11.9 M. H. 21.0 M. H. 64.7 G G I 
All 13.9 All 19.0 All 69.2 Ww 2 WwW 5 


* N.Y. H., New York Hospital; M. H., Memorial Hospital. S, specific; G, general; W, 
erroneous diagnoses, respectively. 


ADENOCARCINOMA 
Criteria for Recognition in Smears 


The criteria for diagnosing primary adenocarcinoma are also some- 
what difficult to postulate: if the cell clusters exhibit a glandular ar- 
rangement, or there are several cells in a row (as though detached 
from a glandular complex), or if the cells are vacuolated, or if their 
nuclei are situated at one end, rather than in the center of the cells, 
one may suspect adenocarcinoma. The nuclei are hyperchromatic al- 
though rather more precise and delicate than those of the other types, 
and they show prominent nucleoli. If there are very abundant clusters 
of cells tightly packed in circumscribed masses, or in obviously gland- 
ular arrangement, the chances are that the tumor is a secondary 
metastatic growth rather than a primary pulmonic adenocarcinoma. 
The mammary duct-cell and simplex types retain their original archi- 
tecture so well that they may usually be recognized as of mammary 
origin. Rectal carcinoma also may retain its mucous appearance, but 
pancreatic carcinoma produces solid, cord-like groups of cells without 
glandular lumina; once studied they become familiar and their diag- 
nosis fairly certain. Findings 


There were 43 adenocarcinomas in the series, of which 6 were 
actually, or presumably, metastatic and therefore secondary growths. 
In 3 instances they were of pancreatic, in one probably of gastric, in 
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one mammary, and in one of uncertain origin. There were 16 women 
in this group, one with anamnestic and other indications of metastatic 
rather than primary adenocarcinoma; thus 15 women presumably had 
primary lesions, which is 35 per cent of the group, showing a ratio of 
one woman to 2 men. 


Taste III 
Data on Adenocarcinoma of the Lung 


Incidence Incidence in Diagnostic accuracy Laboratory Writer’s 
in women total series as to type diagnosis diagnosis 
per cent per cent per cent 


N. Y. H.* 14.3( 0.0) | N. Y. H.* 14.9(12.0) | N. Y. H.* 90.5(88.9) | S* 3( 3) | S* 32(31) 
M.H.  27.2(20.0)|M.H. 11.0(10.0)|M.H. = 72.7(70.0)| G 35(29) | 0) 
All 21.0(10.7) | All 12.5(10.8) | All 81.4(78.4)| W  s(5)|W 8 8) 


* N.Y. H., New York Hospital; M. H., Memorial Hospital. S, specific; G, general; W, 
erroneous diagnoses, respectively. (The figures in parentheses are those obtained after 
eliminating metastatic growths.) 


ANAPLASTIC (SMALL CELL, OAT CELL) BRONCHOGENIC CARCINOMA 
Criteria for Recognition in Smears 


In anaplastic carcinoma there is a copious exfoliation of small round 
cells with equally minute spherical nuclei and a narrow zone of sur- 
rounding cytoplasm which may be so pale as to be vacuolar in its 
appearance. The smear, as a whole, is untidy and shows much débris, 
often of a basophilic type. Clusters of anaplastic cells are often trian- 
gular and resemble miniature bunches of grapes, or they may be cylin- 
drical or elongated ovoid in outline. The extended, heavily stained 
nuclei and practically negligible cytoplasm that characterize the cells 
when observed in sections of tissue are seldom seen and the blurred, 
pyknotic appearance of the nuclei also disappears. Indeed, one may 
study the cytology of this tumor much more intelligently and advan- 
tageously in smears than in sections. In smears of bronchial aspirates 
there are very often cylindroids, like renal casts; this is a mechanical 
effect of smearing the coagulated sediment onto slides, but when 
anaplastic carcinoma is present, such structures are found to contain 
more or less compact masses of the miniature cells, each about half 
the size of a polymorphonuclear leukocyte. Their dimensions may vary 
in a group, within narrow limits, which is quite characteristic and dif- 
ferentiates them from lymphocytes. The best indication of the presence 
of anaplastic carcinoma is the abundance of miniature cells. Mistakes 
in diagnosis are less frequently made with this type than with most of 
the other forms of bronchogenic carcinoma, but one must be extremely 
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careful in making the diagnosis from smears of bronchial aspirates, in 
which distorted, but actually normal, ciliated bronchial epithelium can 
often form clusters like those of this carcinoma. 


Findings 


There were 41 cases of anaplastic carcinoma in this series. Of 
these only 3 were in female patients, an incidence of 7.3 per cent. 


IV 
Data on Anaplastic Bronchogenic Carcinoma 
Incidence Incidence in Diagnostic accuracy Laboratory Writer’s 
in women total series as to type diagnosis diagnosis 
per cent per cent per cent 
N. Y.H.* 6.6 N.Y.H* 206 934 S* s* 3% 
M. H. 7-7 M.H. 13.0 M.H. 77.0 G 133 G ° 
All 7-3 All 12.0 All 83.5 W 3 WwW 7 


*N. Y.H., New York Hospital; M. H., Memorial Hospital. S, specific; G, general; W, 
erroneous diagnoses, respectively. 


OTHER TYPES OF PULMONARY TUMOR 
Criteria for Recognition in Smears 


Carcinoma in Situ. As the accurate diagnosis of carcinoma in situ 
depends upon the presence of metaplastic changes in the mucosa and 
the absence of invasion of the underlying tissue, it cannot be recog- 
nized in smears. One may hazard a guess that smears containing cells 
resembling metaplastic ciliated or mucous epithelium might indicate 
this early and non-invasive form, but that is all. 

Bronchial (or Tracheal) Adenoma. No definite criteria can be ad- 
vanced for the recognition of the bronchial adenoma. The presence of 
small, overstained cells with dark nuclei and granular cytoplasm might 
indicate its presence. The fact that the two examples in this series 
were misdiagnosed as anaplastic carcinomas points the moral. 

Alveolar or Terminal Bronchiolar Carcinoma. Theoretically speak- 
ing, alveolar cell carcinoma should be recognizable in smears because 
its cells are pleomorphic and apt to form bizarre clusters and to show 
vacuolization; practically stated, however, these neoplasms are usually 
confused with either pleomorphic carcinomas or adenocarcinomas and 
diagnosis of the type is therefore unreliable. None of the 5 instances 
in the series was correctly diagnosed. 

Sarcoma. The only sarcoma in the series was characterized by abun- 
dant fusiform fibroblasts which were strikingly prominent in the 
smears. The cells were metaplastic, overstained, and unrecognized as 
sarcomatous. It was diagnosed as metastatic pleomorphic tumor. 
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Malignant Teratoma. As malignant teratoma is of very mixed struc- 
ture, the diagnosis will depend on which of its components exfoliate 
and appear in smears. In the lone example in the series, only the epi- 
thelial elements exfoliated and the diagnosis was epidermoid carci- 
noma, which was manifestly erroneous. 


TasLe V 
Data on Miscellaneous Pulmonary Tumors 
per cent per cent per cent 
N. Y. H.* 100.0 N.Y. N. Y.H.* 0.0 s* s* 
M. H. 100.0 M. H. 0.5 M. H. 0.0 G 2 G 
All 100.0 All 0.58 All 0.0 W WwW 2 


* N. Y. H., New York Hospital; M. H., Memorial Hospital. S, specific; G, general; W, 
erroneous diagnoses, respectively. 


TasLe VI 
Data on Alveolar-Celled Carcinoma 
per cent per cent per cent 
M. H. 0.0 M. H. 1.5 M. H. 0.0 G 5 G 
All 0.3 All 1.46 All 0.0 WwW W 5 


* N.Y. H., New York Hospital; M. H., Memorial Hospital. S, specific; G, general; W, 
erroneous diagnoses, respectively. 


Taste VII 
Data on Other Tumors 
per cent per cent per cent 
N. Y. H.* 100.0 N. Y.H.* 1.42 Ww. s* 
M. H. M. H. 0.0 M. H. G 2 G 
All 100.0 All 0.59 All 0.0 Ww 


*N. Y. H., New York Hospital; M. H., Memorial Hospital. S, specific; G, general; W, 
erroneous diagnoses, respectively. 


DIscussION 


It is evident from the foregoing descriptions that the type as well 
as the presence of pulmonary cancer can be diagnosed with satisfac- 
tory accuracy in smears of sputum and/or bronchial aspirates. It will 
be noted that the degree of accuracy of this diagnosis was greater in 
the series from the New York Hospital than in that from Memorial 
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Hospital. That this is entirely attributable to the purely objective 
method employed in collecting the diagnoses in the latter series is un- 
likely, as the data available in the more subjectively studied group of 
smears from New York Hospital were usually of a general nature and 
the laboratory diagnoses as often unspecific. The smears from Memo- 
rial Hospital were much more difficult to evaluate; they showed fewer 
outstandingly characteristic pictures than did those of the other series. 
It is not improbable that the large number of smears from bronchial 
aspirates (and more particularly from nasotracheal aspirates), in pro- 
portion to those of sputum (more numerous in the New York Hospital 
sets), may have played a part in rendering evaluation more difficult. 
Smears of bronchial aspirates always present greater numbers of iso- 
lated and scattered neoplastic cells and fewer clusters, so important in 
diagnosing types of tumor, so that their examination entails the exer- 
cise of a great deal more judgment and application. This has already 
been mentioned in connection with the anaplastic carcinomas, the de- 
tection of which is harder in bronchial aspirates containing many dis- 
torted but normal epithelial cells from the bronchial lining. 

During 1951 McDonald and his co-workers” published a paper on 
the significance of cell types in bronchogenic carcinoma, their material 
comprising 849 cases that withstood rigid scrutiny as to the require- 
ments for a diagnosis of primary bronchogenic carcinoma. Each type 
is discussed by a separate group of investigators who have examined 
the cases from both clinical and pathologic standpoints. They found 
that the accuracy of cytologic diagnosis as to the presence of pulmo- 
nary carcinoma was about go per cent, which is the figure generally 
maintaining in our laboratory and in others throughout the country. 
A comparison of their figures on percentages of occurrence of the vari- 
ous types and of female patients involved with similar figures obtained 
in the present investigation follows. 

In Table VIII percentages of the various types in the present in- 
vestigation are figured on a total of 327 tumors, while the percentages 


Taste VIII 
Comparison of Data Obtained by McDonald et al.? and in This Investigation 
Relative total incidence Incidence in females 
Type McDonald et al. | This investigation | McDonald e al. | This investigation 
per cent per cent per cent per cent 
Epidermoid carcinoma 37.8 56.0 3-5 3-4 
Pleomorphic carcinoma 40.2 20.0 14.6 13.9 
Adenocarcinoma 13.2 11.5 20.0 10.7 
Anaplastic carcinoma 8.8 12.5 24 7.3 
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in Tables I to VII were reckoned on a total of 341 tumors in the entire 
series of pulmonary growths. This accounts for the slight differences. 
Metastatic growths and esophageal tumors totaled 15, and these were 
eliminated from the count in Table VII. The most marked differences 
between the percentages obtained in this investigation and those ar- 
rived at by McDonald and his colleagues* are to be found in the 
epidermoid and pleomorphic categories; obviously this is the result 
of differences in interpretation. There is reasonably close agreement 
between the two sets of figures concerning the sex incidence of these 
tumors. 

I have made a further check on the percentage of incidence of the 
various types of pulmonary cancer by referring to the copious mate- 
rial in the Registry of Thoracic Tumors in the Armed Forces Institute 
of Pathology in Washington. First, 123 cases were reviewed by check- 
ing the diagnoses under the microscope; it was found that there was 
better than 90 per cent agreement between the diagnoses coded by the 
Institute and my opinion after inspecting the sections. The percentage 
of incidence in this series is shown in Table IX. This distribution 


IX 


Incidence as to Type in 123 Cases of Pulmonary Cancer 
at the Armed Forces Institute of Pathology 


Type Number Percentage Type Number Percentage 
Epidermoid 55 45 Alveolar 5 4 
Pleomorphic 15 12 Bronchial adenoma 
Adenocarcinoma 14 II Others 5 4 
Anaplastic 28 23 Total 123 100 


shows fewer epidermoid carcinomas and almost twice as many ana- 
plastic carcinomas as were present in the New York series. It should 
be remembered that while the Institute series represents a broad range 
of ages, it is heavily weighted with cases involving patients of military 
age. This would be expected to increase the percentage of anaplastic 
carcinomas which are most frequently encountered in the fourth 
decade. 

An additional 206 cases were next reviewed without checking the 
diagnoses microscopically, since the agreement had been so excellent 
in the first 123 cases. However, many of these diagnoses had not been 
revised at the Institute, but had been made in hospitals (mostly mili- 
tary) throughout the country. As almost no pleomorphic carcinomas 
were listed in this series, the microscopic descriptions were consulted 
and it was found that several pleomorphic carcinomas had been in- 
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cluded under the diagnosis of adenocarcinoma, from which category 
they were accordingly transferred to the pleomorphic group. The dis- 
tribution in this series was then as shown in Table X. 


TaBLe X 


Incidence as to Type in an Additional 206 Cases of Pulmonary Cancer 
at the Armed Forces Institute of Pathology 


Type Number Percentage Type Number Percentage 
Epidermoid 115 55.8 Alveolar 0.5 
Pleomorphic 18 8.9 Bronchial adenoma ° 0.0 
Adenocarcinoma 20 9.7 Others ‘5 
Anaplastic 49 23.5 Total 206 100.0 


Combining the findings of these two series the results are as shown 
in Tables XI and XII. It will be seen that, on the whole, agreement is 


Taste XI 


Combined Figures on Incidence and Type for the Two Series from 
the Armed Forces Institute of Pathology 


Type Number Percentage Type Number Percentage 
Epidermoid 170 sts Alveolar 6 1.8 
Pleomorphic 33 10.0 Bronchial adenoma I 0.6 
Adenocarcinoma 34 10.3 Others 8 2.4 
Anaplastic 77 23.4 Total 329 100.0 

TasLe XII 
For Comparison with the Figures of Table XI, the New York Cases* 
Are Tabulated in a Similar Manner 

Type Number Percentage Type Number Percentage 
Epidermoid 175 53-5 Alveolar 5 1.5 
Pleomorphic 65 19.8 Bronchial adenoma 2 ©.7 
Adenocarcinoma 37 25:3 Others 2 0.7 
Anaplastic 41 12.5 Total 327 100.0 


* In tabulating the New York cases, 14 have been rejected: 8 esophageal and 6 secondary 
adenocarcinomas, which make up the difference between 341 and 327. 
fairly close. There are more anaplastic carcinomas in the A.F.I.P. 
series, while there are proportionately more pleomorphic carcinomas 
in the New York Hospital series; even so, the percentage of pleo- 
morphic carcinomas in the latter lags far behind that noted in the 
Mayo Clinic tables. 


SUMMARY AND CONCLUSIONS 


An investigation of 341 sets of smears of sputum and/or bronchial 
aspirates indicates that the type, as well as the presence of pulmonary 
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cancer, can be determined by cytologic examination with a degree of 
accuracy of 80 per cent. 

In the series there were 183 epidermoid carcinomas, 8 of them of 
esophageal origin; 65 pleomorphic carcinomas; 43 adenocarcinomas, 
6 of them secondary to tumors of other organs; 41 anaplastic carci- 
nomas (oat-cell); 5 alveolar or terminal bronchiolar carcinomas; 2 
bronchial adenomas; and one example each of malignant teratoma, 
and fibrosarcoma. 

Expressed in percentages of incidence, the representation of the vari- 
ous types of primary pulmonary cancer was as follows: epidermoid 
carcinoma, 53.5; pleomorphic, 20.2; adenocarcinoma, 11.1; anaplastic 
or oat-cell carcinoma, 12.5; bronchial adenoma, 0.6; alveolar or termi- 
nal bronchiolar carcinoma, 1.5; and fibrosarcoma and malignant tera- 
toma, 0.3 per cent each. 

The percentages of accuracy of diagnosis for the various types were: 
epidermoid carcinoma, 89.9; pleomorphic carcinoma, 69.2; adenocar- 
cinoma, 81.4 for all types, 78.4 for primary growths; anaplastic carci- 
noma, 83.5; and all other types, o. 

Smears of sputum have been found to present better evidence for 
the recognition of the various types than do those of bronchial aspi- 
rates. 


Access to the records and microscopic sections of Memorial Hospital was afforded 
by its pathologist, Dr. F. W. Stewart, whose friendly cooperation is much appreciated. 
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DESCRIPTION OF PLATES 


PLATE 149 


1. Large fragment of epidermoid carcinoma in sputum; it is composed of elon- 
gated, interlacing and heavily keratinized cells which typify the group. It is 
unusual to discover such large clusters in smears. X 600. 


2. Single, characteristically keratinized cell from epidermoid carcinoma, tri- 
angular in outline and with a hyperchromatic nucleus. Its cytoplasm was in- 
tensely acidophilic. X 600. 


3. Fragment of pleomorphic carcinoma comprising many frankly pleomorphic 
cells which are unkeratinized and rounded, rather than triangular or elongated. 
For comparison with Figure 9, which bears a striking similarity. X 600. 


4. Cluster of cells from a primary adenocarcinoma. They have delicate vacuo- 
lated cytoplasm and hyperchromatic nuclei. In this case they are concentrically 
arranged. X 600. 


5. Typical tightly organized cluster of tiny cells with very hyperchromatic 
nuclei in which there is little detail. From bronchial aspirate from case of 
anaplastic or oat cell carcinoma. X 600. 
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FIc. 


Fic. 


Fic. 


FIc. 


PLATE 


6. Astrip of cells from a primary adenocarcinoma; they appear to have “lined 
something” before becoming detached and exfoliating. X 600. 


7. Typical tightly organized cluster of tiny cells with very hyperchromatic 
nuclei in which there is little detail. From bronchial aspirate from case of 
anaplastic or oat cell carcinoma. X 600. 


8. A triangular cluster of small cells from a bronchial adenoma. Such struc- 
tures can be readily confused with those of anaplastic carcinoma. This was the 
mistake in this particular case. On closer scrutiny it will be noted that the nuclei 
present more detail and possess nucleoli. The granular cytoplasm usually seen in 
sections is not evident in the smear. X 600. 


g. Highly pleomorphic and metaplastic cells from an alveolar cell carcinoma; 
recovered in sputum. Their similarity to those of the pleomorphic carcinoma 
shown in Figure 3 is obvious and might condone a mistaken diagnosis in this 
case of “pleomorphic carcinoma.” X 600. 


to. A section from the lung of the patient from which the smears for Figure 9 
were obtained. The identity of the appearance of the cells in the section and the 
smear is manifest. X 600. 
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PLATE I51 


Fic. 11. A lower magnification of a smear containing innumerable clusters of cells 
quite foreign to the lung; the patient had an adenocarcinoma elsewhere in the 
body, probably the pancreas. It is very unlikely that primary adenocarcinoma 
would ever present smears with as many clusters as there are in this one. X 60. 


The photomicrographs for Figures 12 to 15 were prepared from tissue sections. 


Fic. 12. Pleomorphic type; in this tumor the cells are fairly uniform and the growth 
could be called large celled or, in view of its somewhat adenoid aspect, adeno- 
carcinoma. X 305. 


Fic. 13. Typical adenocarcinoma primary in parabronchial glands. 305. 


Fic. 14. Epidermoid bronchogenic carcinoma, from a section of one of the tumors 
in the series from New York Hospital. 305. 


Fic. 15. Typical anaplastic, undifferentiated, small celled, or oat celled carcinoma. 
X 305. 


982 


AME 
tg 

{3 


Amer JouRNAL oF PatnuoLocy. Vor. XXVIII PLATE 151 


Foot Pulmonary Cancer in Cytologic Smears 


| 4, | 
983 
x 


THE CYTOLOGY OF SKIN PAPILLOMAS THAT YIELD 
VIRUS-LIKE PARTICLES * 


Henry Buntinc, M.D., Maurice J. Strauss, M.D., and G. Banrietp, M.D. 


(From the Department of Pathology and the Division of Dermatology, Yale University 
School of Medicine, New Haven, Conn.) 


Certain warts from the hands and feet have been found to differ 
clinically from other warts from the same sites in that they have a 
smooth margin, relatively less keratinization, and a surrounding 
erythematous inflammatory halo. Warts of this type alone yielded, 
in their suspensions, spherical virus-like particles under the electron 
microscope. They also possessed intranuclear inclusion bodies and 
characteristic cytoplasmic masses which the others lacked. Lyell and 
Miles,’ in England, independently recognized the two clinical groups 
and observed the cellular differences. Lyell* has confirmed the pres- 
ence of the virus-like particles in suspensions of the warts with the 
intranuclear inclusion bodies and cytoplasmic masses. The present re- 
port is a description of the cytologic features of the lesions of the type 
which yield virus-like particles. 

The effect of viruses on cells may apparently be characterized as 
either necrosis or stimulation. Warts, having long been known to be 
transmissible directly or by their filtrate,*7 have been regarded as 
being caused by a virus. The effect of the agent causing warts would 
appear to be chiefly stimulation with resultant papillomatous over- 
growth of the epidermis. In the warts that have yielded virus-like 
particles a further effect which is apparently the result of the presence 
of the virus is to be emphasized; this is a distortion in the orderly 
development and differentiation of the epidermal cells. Such distor- 
tion is absent in warts of the type from which virus-like particles have 
not been obtained. 


MATERIALS AND METHODS 


The papillomas used for this study were obtained from the clinical 
practice of one of us (M. J. S.). The material has been reported upon 
previously; the incidence and other clinical features of the lesions 
have been presented.* A brief description of the histologic character- 
istics has been given.® 

In the present studies the excised wart was cut in two and one por- 


* Supported by a grant from the National Cancer Institute of the National Institutes 
of Health, U.S. Public Health Service. 
Presented in part at the Forty-eighth Annual Meeting of the American Association of 
Pathologists and Bacteriologists, Cleveland, April 28, 1951. 
Received for publication, May 9, 1952. 
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tion of the tissue was fixed in 10 per cent buffered (pH 7) formalin 
unless otherwise noted. Sections were stained with Harris’s hematox- 
ylin and eosin. Basophilia was detected by staining in dilute methylene 
blue (concentration, 5 X 10*M) buffered at different pH’s (solutions 
were prepared after the method of Dempsey and Singer’); acidophilia 
was determined by staining in dilute aniline blue (concentration, 
5 X 10*M) buffered at different pH’s. Ribonucleic acid distribution 
was determined by digestion in crystalline ribonuclease in distilled 
water at a pH of approximately 6.3 (proteolytic activity had been 
removed by the method of McDonald." The digestion was conducted 
at 56° to 59° C. for 2 hours. The slide, so treated, and a duplicate 
section incubated under similar conditions in distilled water were 
stained in dilute methylene blue (concentration, 5 X 10*M at pH 7.6) 
for 1% hours, then air dried, placed in xylol, and mounted in a syn- 
thetic mounting medium (harleco). Control ribonucleic acid-contain- 
ing material, the basophilic bodies of the hepatic cells, was always run 
along with the experimental material. The desoxyribonucleic acid was 
determined by the Feulgen reaction.’*"* Lipid was detected by stain- 
ing in Sudan black B in glycol, employing a longer exposure than usual 
(1 to 2 hours)**; osmic acid also was employed on unfixed tissue 
(a) without subsequent exposure to alcohol and (b) in the chlorate- 
formalin method of Swank and Davenport.’® While it is realized that 
osmic acid is not specific in its reaction with lipids, it is believed that 
it lends support to the evidence derived by other methods.’® Microin- 
cineration was done in a small muffle furnace with a temperature of 
550° to 600° C. maintained for 30 minutes or more. The coverglass was 
then sealed with paraffin and the ash examined by dark field illumi- 
nation. The illuminating source was a 6 volt incandescent tungsten 
bulb burned at approximately 8 volts to reduce the amount of yellow 
in the light. This is necessary since a yellow color of the ash is to be 
regarded as evidence of the presence of iron oxide."* 

Oxidation of the section in chromic acid (Bauer technic of Lison’*) 
before exposure to Schiff’s reagent was carried out on tissue fixed in 
Rossman’s fluid. For the identification of glycogen one section was 
first incubated in malt diastase (0.2 per cent solution buffered at pH 5, 
for 2 hours at 37° C.) and compared with a control, incubated simi- 
larly in buffer before chromic acid treatment. Periodic acid oxida- 
tion** also was used at times for the detection of glycogen. We have 
been uncertain concerning the interpretation of areas in sections that 
are stained with Schiff’s reagent after periodate unless they were 
further identifiable by their susceptibility to the action of certain 
enzymes.” If such susceptibility is absent, it will merely be stated 
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that a positive reaction has been obtained and it will be assumed that 
this was due to the existence of the proper arrangement of the re- 
quired groups**** without conjecture as to the class of compound this 
may indicate. 

In a previous report® the correlation was presented between finding 
a characteristic cytologic picture and virus-like particles in the same 
wart. That material has been augmented and the full data of this part 
of the study are presented here. 


RESULTS 


Twenty-nine plantar and common warts were examined by both 
histologic section and electron microscopy of their suspensions in dis- 
tilled water. Seventeen had neither intranuclear inclusions nor cyto- 
plasmic masses as will be described; their suspensions did not yield 
virus-like particles by electron microscopy. All nine that showed intra- 
nuclear inclusion bodies and characteristic cytoplasmic masses yielded 
virus-like particles in the suspensions made from a portion of the 
lesion. Three yielded particles but the intranuclear and cytoplasmic 
bodies could not be found in the portion of the wart taken for histo- 
logic study. The most likely explanation of this discrepancy is sug- 
gested by an occasional instance wherein only two or three papillary 
processes in the portion sectioned for light microscopy contained the 
characteristic findings, while the remainder showed only acanthosis 
and hyperkeratosis. It seems reasonable that in the few in which this 
correspondence was not found the fragment saved for histologic ex- 
amination by chance did not contain any papillary processes with the 
cellular changes. One may conclude that the intranuclear inclusion 
bodies and the cytoplasmic masses are the result of the presence of the 
virus—if the particles do represent such. Certainly the deviation from 
the normal development of the epidermal cells encountered in these 
lesions appears to be associated in some manner with the presence of 
the virus. The differentiation of the constituent cells of the warts from 
which particles have not been obtained deviates somewhat from nor- 
mal but not to the degree encountered in the lesions to be discussed. 
It is these latter changes that will be described in detail. 

The eosinophilic, intranuclear inclusion bodies appear first in cells 
low in the malpighian stratum, not in those of the basal layer, but in 
those of the first or second layer above the basal (Figs. 1 and 2). The 
inclusion body is small here, averaging 1.6 » in diameter; the smallest 
measured was 1.0 » in diameter. It increases in size progressively to 
an average of 3.2 w in the cells of the lower stratum corneum (Figs. 3, 
5, and 6). (Fifty-seven inclusion bodies were measured in making 
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these determinations.) This tissue had been subjected to the shrinkage 
of formalin fixation and paraffin imbedding. The body is surrounded 
by a clear halo (Fig. 4). It is less basophilic and somewhat more 
acidophilic than the chromatin as shown by staining in buffered solu- 
tions of methylene blue and aniline blue respectively, as will be de- 
scribed. The inclusion body is Feulgen negative in contrast to the 
chromatin masses. In this determination the identification of the in- 
clusion body was assured by visualizing the same cell stained with 
hematoxylin and eosin after de-staining the Feulgen preparation 
(Figs. 9 and 10). Colored photomicrographs were made of the same 
field stained with both procedures for absolute certainty of the results. 
The morphologic differentiation between the inclusion body and the 
nucleolus also appears to be clear. As noted, inclusion bodies are not 
seen below the second or third layer of cells of the malpighian stratum, 
while nucleoli are identifiable in the basal layer as well as in the cells 
above. In addition, the line of demarcation between the region of the 
wart which contains intranuclear inclusion bodies and other character- 
istic changes and that at the periphery where there is only hyperplasia 
and hyperkeratosis is distinct. Nucleoli are common in these latter 
hyperplastic epidermal cells, but no intranuclear inclusion bodies (or 
cytoplasmic masses) have been found. Further, in many instances 
both a nucleolus and an inclusion body are present and clearly dis- 
tinguishable from each other within the same nucleus. Ribonuclease 
does not appreciably diminish the basophilia of the inclusion body or 
of the cytoplasmic masses, while it reduces greatly the general baso- 
philia of the cytoplasm of the epidermal cells. Finally, photomicro- 
graphs* taken at 2650 A show no selective absorption by the inclusion 
body in contrast to that exhibited by the nuclear membrane and 
chromatin granules. At 2800 A the difference between the absorption 
by the nuclear structures and by the inclusion bodies (or by the cyto- 
plasmic masses) is relatively less than at 2650 A (Figs. 11 and 12). 
It is concluded from these data that the eosinophilic intranuclear in- 
clusion body is distinct from the nucleolus and further that neither 
desoxyribose nor ribose nucleic acids can be detected in it by the 
methods employed. 

In a few instances in which the staining intensity was optimal, it has 
been possible to follow the intranuclear inclusion body from the stratum 
Malpighii into the stratum corneum. The nuclei of the cells in the 

* We are grateful to Dr. Jesse F. Scott of the Department of Biology, Massachusetts 


Institute of Technology, and the Huntington Laboratory, Massachusetts General Hospital, 
for the ultraviolet photomicrography. 
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lower portion of the stratum corneum are only about one-half the size 
of those in the uppermost part of the stratum Malpighii, and have be- 
come almost round; the intranuclear inclusion body has become much 
larger, filling the nucleus but for a thin rim surrounding it in which 
chromatin material is sometimes visible. 

While a high proportion of cells may show the characteristic 
changes, there are usually a few cells unaffected in any area (Figs. 6 
and 7). The affected cells are considerably larger than the normal cells. 
Mitotic figures have not been observed in them while they are fairly 
common among the other cells of comparable levels of the stratum 
Malpighii. The nuclei containing the inclusion bodies also show ab- 
normalities. They are larger and have more chromatin stainable by 
hematoxylin, basic dyes, or the Feulgen technic; and, in addition, may 
be irregular in shape or rarely may be multiple, with two or three 
present. As noted, the nuclei persist as deeply staining (by the meth- 
ods used), rounded, or somewhat shrunken structures in the lower 
stratum corneum above that portion of the wart showing the charac- 
teristic changes. In contrast, the stratum corneum overlying the 
merely hyperplastic and hyperkeratotic margins or the stratum cor- 
neum of common warts from which the virus-like particles were not 
recovered did not show parakeratosis. As in other epidermal lesions 
parakeratosis here was accompanied also by the cytoplasmic abnor- 
mality of absence of the stratum granulosum; no keratohyaline gran- 
ules were present in the cells containing inclusion bodies, although 
they were constantly observed in occasional normal cells among them. 

Further evidence of developmental abnormality is given by the 
interference in formation of intercellular bridges (Fig. 8) by the af- 
fected cells. They are usually absent between two adjacent cells when 
both are affected. They are present, however, between two cells when 
only one is affected, leading to the conclusion that in this instance the 
bridges probably are the product of the unaltered cell. 

The stratum corneum overlying that portion of the papilloma with 
the cytologic changes which have been described often differs from 
that of simple hyperkeratosis in that its appearance on section may 
be that of an open net-like pattern giving the impression of strands of 
keratin at the periphery of the cells surrounding an empty space. This 
is particularly true in the deeper layers while the more superficial lay- 
ers of the stratum corneum are often somewhat more compact. 

Numerous small bodies are present in the cytoplasm of the cells low 
in the stratum Malpighii which contain intranuclear inclusions. They 
exhibit about the same degree of basophilia and acidophilia as do the 
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intranuclear inclusions. This has been investigated by determining the 
pH of the staining solution on either side of neutrality beyond which 
the particular structures adsorb no dye. The staining of the nuclear 
chromatin has been used in all instances as the reference for compari- 
son. Since it is known that the degree of basophilia of tissue is modi- 
fied by the effect of the particular fixative,”* the results in sections 
fixed in formaldehyde buffered at neutrality and also in Helly’s fluid 
have been determined. 

Both the inclusion body and cytoplasmic masses lost their affinity 
for methylene blue at a pH of 5.7 when fixed in Helly’s fluid and at a 
pH of 4.6 after fixation in ro per cent formalin buffered at neutrality. 
Nuclei stained well at both these pH values, losing their ability to 
stain after Helly’s fluid at a pH of 4.6 and at a pH lower than 3.6 
after formalin. The pyknotic nuclei of the stratum corneum showed a 
very much greater affinity for methylene blue at low pH levels than 
did the other nuclei. From these observations one would conclude that 
the acidic groups present in the intranuclear inclusion bodies and cyto- 
plasmic masses were weaker acids than those of the nuclear structures. 
Incubation of the section in ribonuclease was without apparent effect 
upon the basophilia of either of these structures. It should be empha- 
sized that the basophilia of the cytoplasm between the granules, which 
was moderate in amount, was removed by the enzyme. This was true 
also of the cytoplasmic basophilia of the lower layers of the adjacent 
epidermis, as might be expected. As noted earlier, these cytoplasmic 
masses do not absorb ultraviolet light selectively at a wave length of 
2650 A, offering further evidence of the absence of nucleic acids as a 
significant part of their structure. 

The acidophilia of the inclusion bodies or cytoplasmic masses as 
shown by their affinity for an acidic dye, aniline blue, was somewhat 
greater than that of the nuclear membrane or chromatin, the former 
staining at a slightly higher pH (6.8) than the latter (6.3). The 
acidophilia of the cytoplasmic masses when they were first formed was 
only slightly less than that of the stratum corneum; as the masses 
increased in size in the upper malpighian layers their acidophilia be- 
came about equal to that of the overlying keratinized stratum corneum. 

Resuming the detailed description of the cytoplasmic masses, it can 
be observed that when they first appear they are small and multiple; 
about ro or 20 are present in each cell. They increase in size as the 
cells mature in the higher levels of the malpighian stratum, but become 
fewer in number and acquire a rounded vacuole which grows with the 
granule. Finally, in the layers beneath the stratum corneum, these 
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bodies lose their vacuoles and fuse into one, two, or three larger masses 
which at times occupy almost the entire cytoplasm. After prolonged 
exposure to Sudan black B in glycol, these cytoplasmic masses acquire 
a faint staining, giving indication of lipids within them. Osmic acid 
employed by both methods described (without subsequent exposure 
to alcohol in either) has stained the cytoplasmic masses faintly brown. 
Further evidence of the presence of a lipid is afforded by the growth 
of the vacuoles in the cytoplasmic masses, as observed in the fresh 
state, when the tissue is allowed to remain in dilute alcohol (25 to 50 
per cent solution in distilled water at room temperature) before being 
placed in formaldehyde. Under these conditions the vacuole in each 
cytoplasmic mass increases greatly in size, but is constantly surrounded 
by a thin rim composed of the distended cytoplasmic mass; the en- 
larged vacuole at times develops an irregular but rounded contour. 
This process is interpreted as the formation of “myelin figures” (Fig. 
13). While lecithin is the lipid classically described as giving rise to 
these structures, it is known that others may do so also. 

No birefringence of the masses has been observed when they were 
viewed between crossed Nicol prisms, giving no evidence, therefore, 
of a preferential orientation of the submicroscopic constituents. 

After microincineration the dark-field examination reveals that there 
is a greater amount of ash derived from the affected cells than from 
the others. The intranuclear inclusion body has not, however, been 
found to form a recognizable deposit of ash. The ash from the nuclear 
membrane and chromatin in the affected cells is much heavier and is a 
faint yellow in contrast to the blue-white nuclear ash of the unaffected 
cells. That from the cytoplasmic masses is equally conspicuous and of 
the same yellow color. The yellow color is interpreted to indicate the 
presence of iron in these structures.’* 

The presence of glycogen was sought in the cells of the papillomas 
by the use of periodic and also chromic acid oxidation prior to apply- 
ing Schiff’s reagent, controlled by previous maltase digestion. None 
was found in the vacuoles of the cytoplasmic masses and it was found 
only infrequently in the cytoplasm of the affected cells as a few fine 
granules. This is in contrast to the moderate amounts diffusely demon- 
strable through the cytoplasm of the unaffected cells of the papilloma 
which were comparable with those usually found in the cells of the 
stratum spinosum of many hyperplastic and neoplastic epidermal 
lesions (unpublished results). Periodic acid oxidation followed by 
Schiff’s reagent brought out faintly the intercellular bridges between 
the unaffected cells and occasional areas in the keratin overlying both 
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the affected and unaffected zones. The intranuclear inclusion bodies 
and cytoplasmic masses and vacuoles were consistently negative to 
Schiff’s reagent after periodic acid oxidation. 


DISCUSSION 


In the foregoing there have been described the cytologic features 
of certain papillomas of the skin which yield virus-like particles in 
their suspensions. These features are not found in warts from which 
the virus-like particles have not been obtained and it therefore has 
been concluded that these particular changes result in some way from 
the presence of the virus in the cells. There is interference in the nor- 
mal development of the nucleus and differentiation of the cytoplasm. 
A round eosinophilic body appears within the nucleus of the cells low 
in the stratum Malpighii. This enlarges progressively as the cells of 
the papilloma mature. It is Feulgen negative and hence is not chro- 
matin. The body has been considered to be an intranuclear inclusion 
body, probably related to the presence of the virus, rather than a 
nucleolus for the following reasons: it is present only in those cells of 
the papilloma that possess the other constant features observed in this 
type of papilloma, and not, for example, in the cells of the immedi- 
ately adjacent epidermis that shows only acanthosis and hyperkera- 
tosis or in the occasional normal cell in the midst of the abnormal 
ones; contrary to structures that are rich in nucleic acid, it does not 
selectively absorb ultraviolet light of wave length 2650 A as opposed 
to 2800 A; the body is commonly seen in nuclei that contain also a 
structure showing a strong affinity for hematoxylin and typical of a 
nucleolus. This inclusion body appears to be of the type designated 
as B in Cowdry’s classification®* inasmuch as the inclusion is eosino- 
philic, is circumscribed, and without margination of the chromatin. 
Further evidence of the distinction between the intranuclear inclusion 
body and a nucleolus is afforded by the final development of the inclu- 
sion body. In the cells of the lower stratum corneum the inclusion body 
enlarges greatly, almost entirely filling the nucleus. 

Cells with intranuclear inclusion bodies also possess other charac- 
teristics not found in the adjacent hyperplastic and hyperkeratotic 
epidermis or in warts that do not yield the virus-like particles. There 
apparently is an interference in cell division. Mitotic figures have not 
been observed in the affected cells. Probably as a consequence of this, 
the nucleus and the entire cell are considerably larger than normal. 
This explanation appears much more likely than that polyploidy exists 
in all the affected cells. The nuclei increase in size continuously as the 
cells mature, which is consistent with progressive growth uninterrupted 
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by cell division. Further, the nuclear membrane in these cells is 
heavier and more irregular than normal and yields a much greater 
amount of ash. This ash appears to contain iron. 

Warts having the cytologic characteristics described here are the 
only ones in our studies that have yielded virus-like particles. The 
warts studied by Hydén** do not have these cytologic features. He 
described and illustrated ultraviolet absorbing material (2650 A) in 
the nucleus which first appears around the nucleolus, increases in 
amount, and finally occupies the entire nucleus in cells that one would 
interpret from the photomicrographs as of the lower stratum corneum. 
These warts, as well as those studied by Blank, Buerk, and Weidman,” 
have had inclusion bodies of the Lipschiitz type. Blank and co-work- 
ers have followed Hydén’s thesis in discussing the features of the warts 
they investigated. The interpretation of their data in relation to the 
papillomas under consideration here is difficult, however, since only 
one of their several illustrations pictures a wart having unmistakably 
this cytologic appearance (cf. Fig. 5, page 24 of their article). The 
structures indicated by arrows and designated as “large nucleoli” we 
believe to be inclusion bodies; and it is the development of these which 
has been followed in the present study, from their first appearance low 
in the stratum Malpighii to their maximum growth in the stratum 
corneum. We concur with the conclusion of Blank, Buerk, and Weid- 
man, which can be applied also to the warts under consideration, that 
the nucleus finally is filled with inclusion material. The intranuclear 
inclusion bodies that Lipschiitz described in common warts have been 
interpreted by van Rooyen and Rhodes” as “probably of degenerate 
nature.” 

The cytoplasmic granules in the affected cells do not appear to con- 
tain ribonucleic acid but react as if they had a lipid component. The 
granules stain faintly with Sudan black B and osmic acid, and under 
the proper conditions appear to form “myelin figures.” It is realized 
that osmic acid does not react specifically with lipids. In this instance, 
however, the reaction confirms the others. The relationship of these 
to keratohyaline granules, which are absent in the cells of the papil- 
loma, cannot be stated since keratohyalin has not been definitely 
characterized histochemically. It is observable that hematoxylin has 
a much greater affinity for keratohyalin in the normal epidermis than 
for the granules in question. The true significance of both the intra- 
nuclear and cytoplasmic bodies is at present being sought by use of 
the electron microscope. 

The interference in formation of intercellular bridges by the affected 
cells apparently would indicate a disturbance in cytoplasmic differ- 
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entiation of the squamous epithelium. The absence of keratohyaline 
granules in the cells of the papilloma is associated, as would be 
expected, with persistence of nuclei in the stratum corneum (parakera- 
tosis). The imperfect cornification of the overlying layers also is not 
surprising. It should be noted that a disturbance of this type differs 
from the vacuoles in the cells of the stratum Malpighii in epidermo- 
dysplasia 


SUMMARY 


Plantar and vulgar warts from which virus-like particles have been 
obtained are distinguishable by certain cytologic characteristics. There 
are eosinophilic intranuclear inclusion bodies and vacuolated cytoplas- 
mic masses in the cells of these papillomas that are absent in the warts 
from which the particles have not been found, in spite of the similarity 
of the papillomatous structure in both. Nuclear enlargement and dis- 
tortion, absence of mitotic figures, and interference in development of 
the epidermal cells probably all reflect the effect of the virus. 


We wish to express our appreciation for the valuable technical assistance of Miss 
Patricia M. Reynolds. 
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DESCRIPTION OF PLATES 


PLATE 152 


Fic. 1. The warts that yield virus-like particles have a typical papillomatous form 
and hence resemble those that do not yield elementary bodies. Heavy kerati- 
nized layers are on top, and rete pegs can be seen at the bottom. Hematoxylin 


and eosin stain. X 15. 


Fic. 2. Lower layers of the stratum Malpighii and underlying papilla of wart that 
yields virus-like particles. The intranuclear inclusion bodies and characteristic 
cytoplasmic masses are evident in cells of all but the basal-most two layers of 
the stratum Malpighii. In the midst of the others there is an unaffected cell with 
clear cytoplasm and no intranuclear inclusion body. Its nucleus is much smaller 
than those of the other cells. Hematoxylin and eosin stain. X 485. 


Fic. 3. Base of wart at lower right. Nucleoli as well as intranuclear inclusion bodies 
are present in many cells; the latter can be seen to increase in size as the cells 
mature (toward the upper left). Hematoxylin and eosin stain. X 800. 
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PLATE 153 


4. The clear halo around each intranuclear inclusion body is evident. In the 
cells of the upper stratum Malpighii fusion of the multiple cytoplasmic masses 
occurs as well as increase in size of the vacuoles within them. Hematoxylin and 
eosin stain. X 800. 


5. Large block-like cytoplasmic masses in the upper layers of the stratum 
Malpighii and lower stratum corneum. Mitotic figures have been observed only 
in unaffected cells. Hematoxylin and eosin stain. X 800. 


Fic. 6. Normal cell in midst of affected ones. The base of the wart is at the lower 


Fic. 


right. The intranuclear inclusion bodies as well as the cytoplasmic masses in- 
crease in size as the cells mature. X 800. 


7. In some instances there are seen single or small groups of affected cells iso- 
lated within areas of unaffected ones. Hematoxylin and eosin stain. X 800. 
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. 8. Intercellular bridges present between the unaffected cells are usually absent 
between two affected cells (at bottom). Aniline blue stain. 800. 


g. Feu'gen preparation of the cells subsequently stained with hematoxylin and 
eosin shown in Figure 1o. The intranuclear inclusion body, cell to right of center, 
is Feulgen negative as are the cytoplasmic masses. Nucleoli can usually be 
identified by rim of Feu!gen positive substance. X 800. 


.10. Hematoxylin and eosin preparation showing same cells as in Figure 9. The 
intranuclear inclusion body and cytoplasmic masses are evident. X 800. 


.11. Photomicrograph of cell taken in light of 2650 A wave length. Of note is 
the relative contrast between nuclear membrane and chromatin granules and the 
intranuclear inclusion body. X 600. 


.12. Photomicrograph of same cell taken in light of 2800 A wave length. The 
density of the nuclear membrane and granules relative to that of the intranu- 


clear inclusion body is less than at 2650 A. X 600. 


.13. Structures resembling ‘‘myelin figures” develop from the vacuoles in the 
cytop!asmic masses after the tissue is exposed to dilute alcohol, suggesting that 
the masses may contain lipid. Hematoxylin and eosin stain. X 350. 
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BIOPSY OF THE LIVER IN INFECTIOUS MONONUCLEOSIS * 


Ricnarp C. WapswortH, M.D., and G. Ken, Major, USAF(MC) 


(From the Department of Pathology, Eastern Maine General Hospital, and the Medical 
Service, USAF Hospital, Dow Air Force Base, Bangor, Me.) 


Because of the relatively benign character of infectious mononu- 
cleosis there has been little post-mortem material from which to study 
the anatomical effects of this disease. There are 24 reported necrop- 
sies?** on patients who died either during or shortly after an attack 
of infectious mononucleosis or glandular fever. Five of these necrop- 
sies'* were performed prior to the introduction of the Paul-Bunnell 
test, so that the diagnoses may be regarded with some suspicion. Most 
of the necropsy reports agree that there are widespread effects of the 
disease and the liver usually has shown rather marked alterations. 
There has been some variation in the reported histologic details of the 
hepatic lesion. In only one of these fatal cases has death been attrib- 
uted to hepatic dysfunction." 

Numerous articles have emphasized the frequency with which im- 
pairment of liver function can be demonstrated in non-fatal cases of 
infectious mononucleosis with or without jaundice. Most of these re- 
ports**** have been based on the abnormal results obtained with vari- 
ous liver function tests. It is rather surprising, in view of such 
evidence, that there are few available reports of biopsy of the liver 
from non-fatal cases of this disease. Only seven articles®**** could be 
found recording 18 such biopsies from 16 patients with infectious 
mononucleosis. 

The first reported biopsy of the liver in infectious mononucleosis 
was that described by Kilham and Steigman*’ in 1942. A biopsy speci- 
men was obtained by liver punch from one of the 4 jaundiced patients 
in their series of 20 cases of infectious mononucleosis. This patient 
was deeply jaundiced. No mention was made of the time which had 
elapsed between the onset of symptoms and biopsy. A loss of liver 
cells, a well developed histiocytic reaction, and some early proliferation 
of the bile ducts were noted in the portal zones. Increased Kupffer 
cells and cells resembling monocytes were observed in other parts of 
the lobules and in the sinusoids. The glycogen content of the hepatic 
cells was said to be well preserved and the general appearance sug- 
gested to the authors that an earlier phase of necrosis had preceded 
the histiocytic reaction. No peripheral fibrosis was seen, but the re- 

* Presented at the Forty-ninth Annual Meeting of the American Association of Patholo- 


gists and Bacteriologists, New York City, April 10, 1952. 
Received for publication, May 2, 1952. 
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ticular pattern in the affected portal zones was said to be disturbed. 
Retention of bile was not. mentioned in the report. 

The following year van Beek and Haex”* reported upon 2 specimens 
obtained by liver puncture from a patient with infectious mononu- 
cleosis. The first specimen was taken 14 days after the onset of the 
illness, and the second 3'4 weeks after the onset, when the patient was 
improved. In the earlier material the liver cells were interspersed with 
numerous monocytoid cells and some polymorphonuclear leukocytes. 
Numerous mitotic figures were described in the monocytoid cells. 
Mitotic figures were seen also in the liver cells. In the later specimen 
the liver tissue was said to have been practically normal, although the 
triangles of Kiernan were still rich in lymphocytes. Neither jaundice 
nor bile retention was mentioned in this report. 

Liver biopsies of 4 jaundiced patients with infectious mononucleosis 
were reported by Bang and Wanscher”® in 1945. By aspiration, mate- 
rial was obtained from the 4 patients on the 15th, 16th, 6th, and 17th 
days of illness, respectively. Small, tiin, biliary thrombi were observed 
in the bile capillaries of the first and fourth patients. None were seen 
in the second and third patients. A periportal infiltration of lympho- 
cytes and a proliferation of Kupffer cells were noted in all 4 cases. In 
noue of these patients was the portal connective tissue considered to 
be increased. All of the livers showed mild degenerative changes in the 
hepatic cells. These authors concluded that the jaundice was due not 
to obstruction, but rather to primary damage to the liver, presumably 
caused by the specific agent of the disease. 

By surgical excision, a specimen of the liver for biopsy was obtained 
15 days after the onset of infectious mononucleosis in the course of an 
operation for a ruptured spleen in the patient reported by Davis, 
MacFee, Wright, and Allyn.*® The sections of liver revealed moderate 
cloudy swelling of the liver cords. Most of the liver cells were swollen, 
containing fine granules in varying quantity, and a few mitotic figures 
were present. Several patchy accumulations of pigment were seen in 
the bile canaliculi. The sinusoids were slightly dilated and contained 
increased numbers of young lymphocytes, with occasional monocytes 
and polymorphonuclear cells. The Kupffer cells contained granular 
pigment in small quantities. No microscopic change was observed in 
the capsule. This patient apparently was not clinically jaundiced. 

The specimen for liver biopsy mentioned in the comprehensive re- 
port on the pathology of infectious mononucleosis by Custer and 
Smith® is described only in conjunction with the livers from 7 necrop- 
sies. The changes were similar to those seen in the necropsied cases in 
which death occurred from 17 to 35 days after the onset of the disease. 


LIVER IN INFECTIOUS MONONUCLEOSIS 1005 


Lymphocytic infiltration was most pronounced in the periportal con- 
nective tissue. “Quantitatively, this reaction varied from hardly more 
than the usual lymphocytic collar . . . . to a degree approaching that 
of lymphatic leukemia . . . ., with lymphoid cell aggregates extending 
into the adjacent lobular parenchyma.” The capsule in most instances 
showed varying degrees of lymphocytic infiltration while its connec- 
tive tissue appeared to be losing substance in proportion to the increase 
of lymphocytes. These authors saw no necrosis of the liver parenchyma 
except in one case in which thrombosis of the portal vein followed 
splenectomy. They saw no evidence of biliary obstruction. The inci- 
dence of jaundice in these 8 cases is not mentioned. 

Results of biopsy of the livers of 5 young adults taken at the height 
of typical attacks of infectious mononucleosis without clinical evidence 
of hepatic disturbance were reported by Bertrand* in 1949. In one 
patient, whose recovery was delayed, specimens were obtained at 1 
and 5 months after the onset of the disease. In each case there was a 
marked infiltration of the periportal connective tissue with mononu- 
clear cells. There were increased mitotic figures in the liver cells. The 
blood vessels, bile ducts, and liver cells were essentially unaltered. 
There was marked hyperplasia of the Kupffer cells. Islets of necrosis 
were attributed to the displacement of trabeculae by masses of lympho- 
cytes. Mitotic figures were found in the Kupffer cells and in the peri- 
portal mononuclear cells. Similar findings in specimens obtained for 
biopsy from 2 additional patients were recorded in a footnote. 

The only report suggesting that cirrhosis of the liver might be a 
complication of infectious mononucleosis is that of Leibowitz and 
Brody.*” They described a 24-year-old white male who was admitted 
to the hospital with jaundice of 7 weeks’ duration. Fifty-nine days 
after the onset of jaundice, the heterophil antibody titer reached a 
peak of 1:800. Thirty-nine months after the onset of jaundice, mate- 
rial obtained by aspiration for biopsy of the liver revealed microscopic 
evidence of cirrhosis. 


MATERIAL AND METHODS 


During the 8-month period between June 15, 1951, and February 
15, 1952, the diagnosis of infectious mononucleosis was made on 26 
patients. Thirteen specimens obtained from 10 of these patients have 
provided the opportunity to compare the histologic changes in the 
liver with the clinical course of the patient, the heterophil antibody 
titers, the smears of the peripheral blood, and certain liver function 
tests. The specimens were all obtained from young adult males be- 
tween the ages of 18 and 31 years. Liver tissue was obtained with 
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biopsy forceps during peritoneoscopy. With this method the liver 
could be seen and described and the site could be visualized before 
and after the tissue was removed. In each case the sample was taken 
from the right lobe of the liver. 

The tissue removed was placed immediately in 10 per cent neutral 
formalin solution. Paraffin sections were stained with hematoxylin and 
eosin and with Gomori’s silver stain for reticulum.** In some cases a 
portion was fixed in Zenker’s fluid and stained with phloxine and 
methylene blue. 

The heterophil antibody titer was determined according to the pre- 
sumptive test of Davidsohn.** An agglutination in a final serum dilu- 
tion of 1:224 or higher was considered significant. Absorption tests 
with guinea-pig kidneys and beef erythrocytes were not done. 

Cephalin-cholesterol flocculation tests were done by the technic of 
Hanger.*® Readings were recorded at the end of 24 and 48 hours. A 
reaction of 2 plus or more in 24 hours or of 3 plus or more in 48 hours 
was considered abnormal. 

The thymol turbidity test was performed by Benotti’s modification® 
of the Maclagan method with the reagents buffered at pH 7.8, meas- 
uring the turbidity in a colorimeter against standard barium chloride 
solutions. A value of more than 2 units was considered abnormal. 

Total and direct bilirubin determinations were done by the method 
of Malloy and Evelyn.** Elevation of the total bilirubin above 1.0 mg. 
per 100 cc. was considered abnormal. 

Total and free cholesterol determinations were done by the method 
of Schoenheimer and Sperry.** A value of less than 70 per cent for 
cholesterol esters was considered abnormal. 

Alkaline phosphatase determinations were done by the method of 
Bodansky.*® Values greater than 4 Bodansky units were considered 
abnormal. 

Bromsulfalein retention was measured by the injection of 5 mg. of 
the dye per kg. of body weight. A retention of more than 5 per cent 
at the end of 45 minutes after injection was considered abnormal. 


RESULTS 
Group I 


Group I consisted of 2 patients from whom specimens were obtained 
for biopsy within 5 days of the onset of symptoms. 

Case 1, a 24-year-old white male, typifies this group. The specimen 
was taken 2 days after the onset of severe pharyngitis with fever of 
102.0° F. On the day of the biopsy his leukocyte count was 18,500 
per cmm. with 74 per cent neutrophils and 26 per cent lymphocytes. 
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Three days later his heterophil antibody titer was 1:224. Thirteen days 
after the biopsy his peripheral blood contained 56 per cent lympho- 
cytes, some of which were atypical. The spleen was palpable. There 
was no jaundice. 

At the time of biopsy the liver was moderately enlarged, extending 
4 cm. below the costal margin all along the hypogastrium. The gall- 
bladder appeared normal. The liver edge was somewhat blunted, and 
its color was distinctly lighter than normal. Histologically, the capsule 
appeared intact except for a few scattered epithelioid cells. Only occa- 
sional lymphocytes were found in the periportal zones. The liver cords 
were well preserved. Occasional liver cells were somewhat shrunken, 
with pyknotic nuclei. There was some variation in the size and stain- 
ing of the nuclei. Occasional liver cells were binucleate, with promi- 
nent nucleoli. Small, clear vacuoles were found in many of the liver 
cells. The Kupffer cells were not numerically increased, but some of 
them appeared swollen. Some of the liver cells had indistinct cell 
membranes and occasional neutrophils were found within the paren- 
chyma as well as in the sinusoids. No mitotic figures were seen. 

Case 2 was a 20-year-old white male from whom a specimen for 
biopsy was obtained 5 days after the onset of acute pharyngitis. Three 
days prior to the biopsy he had a leukocyte count of 18,700 per cmm. 
with 86 per cent neutrophils and 14 per cent lymphocytes. No atypical 
lymphocytes were demonstrated in the peripheral blood of this patient. 
On the day of biopsy his heterophil antibody titer was 1:112. Seven 
days later it was 1:224. There was no jaundice. 

At the time of biopsy the liver was moderately enlarged, its edge 
was rounded, and its color was slightly lighter than normal. Histologi- 
cally, the liver was similar to that of case 1. More of the liver cells 
were multinucleated. Some had three or four nuclei. The Kupffer cells 
were increased in both size and number. The periportal zones were 
somewhat accentuated by an infiltration of epithelioid cells, some 
lymphocytes, and occasional neutrophils. Scattered small foci of Kupf- 
fer cells appeared to be replacing liver cells in some areas. 


Group II 


Group II consisted of 4 patients from whom specimens for biopsy 
were obtained between ro and 15 days after the onset of symptoms. 
Case 3 is representative of the group. 

Case 3 was a 20-year-old white male from whom tissue was ob- 
tained 10 days after the onset of acute pharyngitis with lymphadenop- 
athy and fever. He had no symptoms referable to his liver. Six days 
prior to the biopsy his leukocyte count was 12,250 per cmm. with 26 
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per cent neutrophils, 68 per cent lymphocytes, and 6 per cent mono- 
cytes. Many of the lymphocytes were designated “mononucleosis 
cells.” There was no jaundice. 

At the time of biopsy the liver appeared to be of normai size and its 
edge sharp. The color and texture appeared normal. The liver ex- 
tended just to the level of the right costal margin. The capsule was 
smooth and glistening. The color was uniform and of a mahogany hue. 
Histologically, the liver showed a striking difference from those of 
group I. The capsule appeared thin. In some parts of the capsule there 
was a Slight infiltration of lymphocytes and epithelioid cells. The por- 
tal zones were markedly accentuated by a dense infiltration of lympho- 
cytes and epithelioid cells (Fig. 1) and a few scattered neutrophils 
and eosinophils. There was a moderate increase in bile ducts and a slight 
fibroblastic proliferation. The sinusoids appeared small but were con- 
spicuous because of the numerous and swollen Kupffer cells which 
outlined them. Some of the Kupffer cells seemed to be free in the 
lumina of the sinusoids. Most of the parenchymal cells contained a 
faintly eosinophilic granular cytoplasm. Many of these cells had two 
or more nuclei. An occasional nucleus was elongated, with a slight 
constriction near the mid-point. Occasional mitotic figures were seen 
in the liver cells. Scattered cells and sometimes small groups of liver 
cells appeared shrunken, irregular in outline, and deeply eosinophilic, 
with small, dark-staining, homogeneous nuclei (Fig. 2). Some cells 
with the more intensely eosinophilic cytoplasm had small, irregular, 
pyknotic nuclei. A few cells were hyalinized, deeply eosinophilic, and 
without demonstrable nuclei (Fig. 3). Some of these cells appeared 
to be extruded from the liver cell columns. In some of the liver lobules 
many of the liver cells had large, clear nuclei suggesting excessive 
glycogen content (Fig. 4). An occasional small, irregular group of 
epithelioid cells appeared to occupy the space from which two or three 
liver cells had disappeared. Some of the liver cells near the central 
veins contained small granules of light brown pigment. No bile plugs 
were formed in the bile canaliculi. No mitotic figures were found in 
the Kupffer cells. An occasional mitotic figure was seen in the epithe- 
lium lining the bile ducts. Numerous lymphocytes were seen in the 
lumina of the sinusoids. 

Case 4 was a 23-year-old white male from whom material for biopsy 
was obtained 11 days after the onset of acute pharyngitis. Three days 
before biopsy his leukocyte count was 10,500 per cmm. with 22 per 
cent neutrophils, 65 per cent lymphocytes, 2 per cent monocytes, and 
Ir per cent staff cells. Atypical lymphocytes were seen in the smear. 
On the day of biopsy the heterophil antibody titer was 1:224 and the 
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cephalin-cholesterol flocculation test was negative at 24 and 48 hours. 
Serial laboratory examinations were not obtained on this patient. There 
was no jaundice. 

At the time of biopsy the liver appeared grossly normal. Histologi- 
cally, it (Fig. 5) was quite similar to that seen in case 3. The peri- 
portal lymphocytic infiltration and Kupffer cell activity were not quite 
as marked but the acidophilic degeneration of individual hepatic cells 
was more pronounced. 

Case 5 was an 18-year-old white male upon whom biopsy was per- 
formed 13 days after the onset of acute pharyngitis associated with 
fever, lymphadenopathy, and splenomegaly. One week prior to the 
biopsy his leukocyte count was 11,100 per cmm. with 38 per cent neu- 
trophils, 2 per cent eosinophils, 55 per cent lymphocytes, and 5 per 
cent monocytes. Atypical lymphocytes were seen in the smear. At the 
time of the biopsy the heterophil antibody titer was 1:224. The cepha- 
lin-cholesterol flocculation test was 1 plus at 24 hours and 2 plus at 
48 hours. Six days later the cephalin-cholesterol flocculation test was 
negative at 24 and 48 hours. The spleen was palpably enlarged. There 
was no jaundice. 

At the time of biopsy the liver was slightly enlarged. The color was 
uniformly light pink. There was some blunting of the mesial edge of 
the right lobe. Histologically, the liver was similar to that of case 3. 
The periportal infiltration was not quite as marked and the Kupffer 
cell activity was not nearly as marked. There was a moderate acido- 
philic degeneration of individual hepatic cells, but no evidence of 
mitotic activity in the liver cells. 

Case 6 was a 21-year-old white male from whom tissue for biopsy 
was obtained 14 days after the onset of chills, weakness, and anorexia. 
When first seen he had a single extensive chain of enlarged cervical 
lymph nodes. Six days prior to the biopsy his leukocyte count was 
11,000 per cmm. with 48 per cent neutrophils, 1 per cent staff cells, 48 
per cent lymphocytes, and 3 per cent monocytes. Atypical lympho- 
cytes were seen in the smear. Four days prior to biopsy the heterophil 
antibody titer was 1:7168. On the day after biopsy the cephalin- 
cholesterol flocculation test was 1 plus in 24 hours and 3 plus in 48 
hours. The same sample of blood showed an elevated thymol turbidity 
of 4.2 units. Repeat tests performed 8 and 15 days respectively after 
the biopsy showed no abnormalities. There was no jaundice. 

At the time of biopsy the liver was slightly enlarged and its edge 
blunted. The color was a brilliant deep red. Histologically, the liver 
was similar to that of case 3. The periportal infiltration and Kupffer 
cell activity were not quite as marked but the acidophilic degeneration 
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of individual liver cells and the mitotic activity of the liver cells were 
fairly marked. In scattered areas there was excessive glycogen deposi- 
tion in the nuclei of the liver cells. There was moderate increase in 
the bile ducts. Group III 

Group III included only case 8, a 21-year-old white male whose 
course was more protracted than that of the previous cases. His 
biopsy specimen was obtained 28 days after the onset of severe 
pharyngitis and marked lymphadenopathy. Three days after the onset 
his leukocyte count was 7,500 per cmm. with 22 per cent neutrophils, 
28 per cent staff cells, 33 per cent lymphocytes, 9 per cent monocytes, 
6 per cent eosinophils, and 2 per cent basophils. No atypical lympho- 
cytes were seen at this time. Fourteen days after onset his leukocyte 
count was 18,200 per cmm., with 1 per cent neutrophils, 13 per cent 
staff celis, 79 per cent lymphocytes, and 7 per cent monocytes. Most 
of the lymphocytes were atypical. 

At the time of biopsy his liver was only slightly enlarged but the liver 
edge was definitely blunted. The color was a brilliant deep red. Histo- 
logically, the liver was similar to that of case 3. The periportal infil- 
tration and Kupffer cell activity were not quite as pronounced. The 
acidophilic degeneration of individual liver cells was quite marked. 


Group IV 


Group IV includes 3 patients from whom more than one specimen of 
liver was obtained. Case 7 was a 20-year-old white male with a his- 
tory of pharyngitis, fever, cervical lymphadenopathy, enlarged spleen, 
and tender liver. Three days after the onset his leukocyte count was 
14,700 per cmm. with 15 per cent neutrophils and 85 per cent lympho- 
cytes, most of which were atypical. The first liver biopsy was per- 
formed 19 days after the onset of his illness. At that time the liver 
was somewhat enlarged. Its edge was considerably blunted and its 
color a brilliant red. Histologically, the liver was quite similar to case 
3 but the infiltration extended into the liver lobules (Fig. 6). The 
mitotic activity of the liver cells was extremely marked (Fig. 7). 
More liver cells were in mitosis than in any other specimen of the 
entire series. There was a moderate multiplication of the bile ducts 
(Fig. 8). Occasional mitotic figures could be seen in epithelial cells 
lining the bile ducts. There was moderate acidophilic degeneration of 
individual liver cells. The second liver specimen from case 7 was ob- 
tained 59 days after the onset of illness. The liver appeared slightly 
larger than normal and its edge was slightly blunted. The color was 
slightly lighter than normal. The site of the previous removal was 
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noted and the second specimen was obtained adjacent to the site of 
the first. There was a striking difference histologically between the 
two. Periportal infiltration and Kupffer cell activity were much less 
marked in the second (Fig. 9). Only an occasional mitotic figure 
could now be found in the liver cells. There were only a few liver cells 
showing degenerative changes. A significantly elevated heterophil anti- 
body titer persisted for at least 42 days. 

Case 9 was a 31-year-old white male with a history of pharyngitis, 
fever, and cervical lymphadenopathy. Three days after onset the 
leukocyte count was 14,150 per cmm. with 18 per cent neutrophils, 77 
per cent lymphocytes, and 5 per cent monocytes. Many of the lympho- 
cytes were atypical. Eight days after the onset the heterophil antibody 
titer was 1:3584 and 20 days later was 1:7168. In the meantime the 
cephalin-cholesterol flocculation test was 4 plus in 24 hours and the 
thymol turbidity was 9.4 units. The total cholesterol was 225 mg. per 
100 cc. with 74 per cent esters. The patient was jaundiced and the total 
bilirubin was 2.5 mg. per roo cc. The first liver biopsy was done 57 
days after the onset of illness when the cephalin-cholesterol floccula- 
tion test and thymol turbidity were still elevated, although the bili- 
rubin had reached normal levels. At this time the liver was slightly 
larger than normal. It had lost some of its brownish tint and was 
smooth without evidence of scarring or fatty infiltration. Histologi- 
cally, there was only slight evidence of active inflammation. There was 
very little periportal infiltration and very little Kupffer cell activity 
(Fig. 10). Only occasional liver cells showed acidophilic degenera- 
tion. A few liver cells had multiple nuclei. No mitotic figures were 
seen. There was no evidence of periportal scarring. The second speci- 
men for biopsy was obtained 121 days after the onset of illness. The 
patient was still presenting symptoms of his disease. He showed no 
retention of bromsulfalein at the end of 45 minutes. The liver appeared 
nearly the same as before, both grossly and histologically (Fig. 11). The 
Kupffer cells seemed slightly more active and there were more liver 
cells with multiple nuclei and prominent nucleoli. There now appeared 
to be very slight periportal fibroblastic proliferation and some increase 
in bile ducts. There was slight retention of bile in some of the canaliculi. 

Case 10 was a 31-year-old white male with a protracted history 
starting with a 2-day period during which his friends noticed that he 
was jaundiced. He then felt perfectly well for approximately 2 months 
when he developed nausea and vomiting and noticed that his sclerae 
were yellow and his urine dark. Five days later the total bilirubin was 
5.4 mg. andthe direct reacting bilirubin 3.0 mg. per roo cc. The 
urinary urobilinogen at this time was positive in a dilution of 1:640. 
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The alkaline phosphatase was 6.2 Bodansky units but the cephalin- 
cholesterol flocculation was negative at 24 and 48 hours, and the 
bromsulfalein retention was only 2.5 per cent in 45 minutes. Two 
weeks before the second biopsy the total serum cholesterol was 149 
mg. per 100 cc. with 75 per cent esters. The first liver biopsy was done 
120 days after the first episode of jaundice. For 6 days prior to biopsy 
he had received 40 mg. of ACTH every 6 hours. At that time the 
cephalin-cholesterol flocculation and thymol turbidity values were still 
elevated. The bilirubin was 1.5 mg. per 100 cc. The liver appeared 
normal by peritoneoscopy. Histologically, the periportal infiltration 
and Kupffer cell activity were minimal. A few scattered liver cells 
showed degenerative changes. There were a moderate number of binu- 
cleate liver cells. No mitotic figures were seen. Retained bile could 
be seen in some of the bile canaliculi (Fig. 12). There was no evidence 
of periportal scarring. The second biopsy was done 225 days after the 
first episode of jaundice. The total bilirubin was then 1.2 mg. per 100 
cc. At that time the liver appeared normal at peritoneoscopy. Histo- 
logically, the liver now showed moderate Kupffer cell activity. Clear 
vacuoles were demonstrable in occasional liver cells. Most of the liver 
cells had a fairly uniform appearance, but there was a moderate vari- 
ation in the size and staining ability of the nuclei (Fig. 13). A mod- 
erate number of binucleate liver cells were seen. There was an 
occasional mitotic figure. There were scattered small focal areas of 
necrosis of liver cells. Small collections of retained bile could be seen 
in some of the small bile canaliculi. There was very slight periportal 
scarring. The reticular pattern of the liver lobules was, for the most 
part, well maintained (Fig. 14). 


DISCUSSION 


The study of biopsy specimens from the livers of 10 patients with 
infectious mononucleosis offers additional evidence of liver damage in 
this disease. In each patient upon whom biopsy was done, the liver 
showed morphologic evidence of liver damage. This varied consider- 
ably both in the type and intensity of the reaction, as shown in Table 
I. In those patients from whom specimens were obtained within 5 days 
of the onset of symptoms (group I), the pathologic changes in the 
liver were minimal. In case 1 the tissue appears to have been taken 
almost at the peak of the heterophil antibody titer, but 2 weeks prior 
to the development of a positive cephalin-cholesterol flocculation test. 
A repeat biopsy 2 weeks later might have shown more marked patho- 
logic changes. Case 2 is an example of a mild case of infectious 
mononucleosis with minimal changes in the liver. 
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In those specimens obtained 10 to 30 days after the onset of symp- 
toms (cases 3 to 8) there was evidence of marked periportal infiltra- 
tion, marked Kupffer cell activity, and considerable acidophilic 
degeneration of individual liver cells. It is to be noted that the maxi- 
mum mitotic activity of liver cells was seen in the specimen obtained 
19 days after the onset of symptoms. In this group we find there was 
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For each case are shown the days elapsed since onset of symptoms, the highest recorded 
heterophil antibody titer, the highest cephalin-cholesterol flocculation reading, the highest 
thymol turbidity, the most elevated total serum bilirubin, the intensity of the periportal 
mononuclear infiltration (graded 1 to 4), the intensity of Kupffer cell activity (graded 1 to 
4), the amount of hepatic cell destruction (graded 1 to 4), and the degree of mitotic activity 
in the liver cells (graded 1 to 4). 
an apparent lack of correlation between the structural changes in the 
liver and liver function tests. In case 3 the histologic changes on the 
tenth day were striking but the cephalin-cholesterol flocculation tests, 
the thymol turbidity tests, and bilirubin determinations were all within 
normal limits on the 7th, 15th, 19th, and 28th days after the onset of 
symptoms. In cases 4 and 5, in which there was histologic evidence 
of moderate liver damage, the liver function tests showed no abnor- 
malities although they were done within 3 days of the date of biopsy. 
In case 6 the cephalin-cholesterol flocculation and thymol turbidity 
tests were slightly elevated the day after biopsy, but the former be- 
came negative within a week after biopsy. In case 8 we had the best 
correlation between the high heterophil titer, elevated cephalin-choles- 
terol flocculation and elevated thymol turbidity, and the histologic 
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appearance of an active hepatitis. It is of interest that the thymol 
turbidity remained elevated for 1 month after the cephalin-cholesterol 
flocculation test became negative. When thymol turbidity reached its 
peak, the total serum bilirubin was 1.4 mg. per 1oo cc. The patient 
was never jaundiced clinically. 

In case 7, with biopsies on the 19th and soth days after the onset 
of symptoms, there was an initial correlation between the hepatic 
histologic picture and the liver iunction tests. When the first biopsy 
was taken the heterophil antibody titer was 1:1792 and the cephalin- 
cholesterol flocculation test was abnormal. A few days later the thymol 
turbidity test became abnormal. However, there were histologically 
demonstrable liver lesions at the time of the second biopsy when the 
liver function tests were within normal limits. 

In case g the histologic changes, although relatively slight, persisted 
for some time after the cephalin-cholesterol flocculation was negative. 
In spite of the protracted course of this patient, he had no bromsulf- 
alein retention 3 months after the onset of his illness. 

In case 1o the first biopsy, 120 days after the onset of symptoms, 
showed only minimal histologic change in spite of elevated cephalin- 
cholesterol flocculation and thymol turbidity tests. The total serum 
bilirubin at this time was 1.5 mg. per 100 cc. In spite of the prolonged 
course, the liver showed only slight residual structural damage. The 
patient continued to show mitotic activity in the liver cells at the time 
of the second biopsy. 

The study of these liver specimens taken at intervals from 2 to 225 
days after the onset of infectious mononucleosis suggests an explana- 
tion for the discrepancy in previously reported histologic findings in 
this disease. As might be expected, the histologic features appear to 
depend upon the time interval which has elapsed since the onset of the 
disease, upon the severity of the infection and, to some extent, upon 
the presence or absence of jaundice. Only minimal changes in the liver 
were found in the first 5 days of the disease. They consisted of slight 
lymphocytic infiltration in the periportal zones, degenerative changes 
in the liver cells, evidence of regeneration of liver cells, and activity 
of the Kupffer cells. After 10 days these processes all appeared to be 
more active. The peak of degenerative and regenerative activity was 
reached between the roth and 30th days. During this period peri- 
portal infiltration and Kupffer ceil activity were most pronounced. At 
the end of 60 days the periportal infiltration and Kupffer cell activity 
had subsided considerably but were still present in the protracted 
cases. Some evidence of isolated degeneration and regeneration of 
liver cells was still to be seen as long as 225 days after onset. The 
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histologic changes in the liver are similar to those described in non- 
fatal cases of epidemic hepatitis.*® Endophlebitis or inclusion bodies 


were not seen. 
SUMMARY 


Liver specimens were obtained by forceps, at peritoneoscopy, in 10 
patients with infectious mononucleosis. Biopsies were done from 2 to 
225 days after the onset of symptoms. The gross and histologic find- 
ings are similar to those described in the livers of patients with non- 
fatal epidemic hepatitis. Serial liver function studies were performed 
on most of these patients. An attempt has been made to correlate the 
histologic findings with the clinical course and the laboratory data. 
The degree of anatomical change does not parallel the degree of ab- 
normality of the liver function tests. 
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DESCRIPTION OF PLATES 


PLATE 155 


Fic. 1. Liver, case 3 (K. L. M.), 10 days after onset. Periportal mononuclear infil- 
tration with fair preservation of lobular architecture. Hematoxylin and eosin 
stain. X 115. 


Fic. 2. Liver, case 4 (C. L. W.), 11 days after onset. Early stages of acidophilic 
degeneration of individual hepatic cells. Some cells show hydropic degenera- 
tion. Hematoxylin and eosin stain. X 950. 


Fic. 3. Liver, case 4 (C. L. W.), 11 days after onset. Late stage (hyalinization) of 


acidophilic degeneration of individual hepatic cells. Mononuclear cells in sinu- 
soids. Hematoxylin and eosin stain. X 950. 
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Fic. 


PLATE 156 


4. Liver, case 3 (K. L. M.), 10 days after onset. Numerous hepatic cell nuclei 
with excessive glycogen content. Binucleate liver cells. Kupffer cells increased 
in size and number. Hematoxylin and eosin stain. X g4o. 


5. Liver, case 4 (C. L. W.), 11 days after onset. Periportal mononuclear infil- 
tration. Moderate variation in size, shape, and staining reaction of hepatic cells 
and nuclei. Hematoxylin and eosin stain. X 115. 


6. Liver, case 7 (L. G. H.), 19 days after onset. Mononuclear infiltration not 
only in periportal areas but also in scattered foci throughout the liver lobule. 
Hematoxylin and eosin stain. X 115. 


7. Liver, case 7 (L. G. H.), 19 days after onset. Binucleate hepatic cells and 
three mitotic figures in hepatic cells. Hematoxylin and eosin stain. X 950. 


1020 


AMERi 
Lg 
> 


Ameri AN JOURNAL OF PATHOLOGY. VoL. XXVIII PLATE 156 


Jadsworth and Keil Liver in Infectious Mononucleosis 


| 
1021 


Fic. 


FIG. 


FIc. 


PLATE 157 


8. Liver, case 7 (L. G. H.), 19 days after onset. Marked periportal mononu- 
clear infiltration. Reduplication of bile ducts. Hematoxylin and eosin stain. 
X goo. 


g. Liver, case 7 (L. G. H.), 59 days after onset. Marked reduction in periportal 
mononuclear infiltration. Reduction in Kupffer cell activity. Hematoxylin and 
eosin stain. XX IIs. 


10. Liver, case g (E. R. D.), 57 days after onset. Slight periportal mononu- 
clear infiltration. A few binucleate liver cells. Hematoxylin and eosin stain. 
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PLATE 158 


11. Liver, case 9 (E. R. D.), 121 days after onset. Slight periportal mononu- 
clear infiltration; for comparison with Figure 10. Hematoxylin and eosin stain. 
X 115. 


12. Liver, case 10 (W. G. E.), 120 days after onset. Bile retention in liver cells 
and small bile canaliculi about central vein. Binucleate liver cells. Hematoxylin 
and eosin stain. X 420. 


13. Liver, case 10 (W. G. E.), 225 days after onset. Practically no periportal 
mononuclear infiltration. Moderate number of binucleate liver cells. Moderate 


variation in size and staining of liver cell nuclei. Hematoxylin and eosin stain. 
EES. 


14. Liver, case 10 (W. G. E.), 225 days after onset. Lobular pattern well pre- 
served. Gomori’s silver stain for reticulum. X 250. 
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THE OCCURRENCE AND DISTRIBUTION OF GLYCOGEN IN 
HEMANGIOMA, DERMATOFIBROSARCOMA PROTUBERANS, 
HEMANGIOPERICYTOMA, AND KAPOSI’S SARCOMA * 


Raymonp BANGLE, Jr., M.D. 


(From the Federal Security Agency, U.S. Public Health Service, National Institutes of 
Health, Bethesda 14, Md.) 


The only known extensive report on the topical distribution of 
glycogen in human tumors is that by Lubarsch’ in 1906. Using iodine 
methods or Best’s carmine stain, he examined 1544 various tumors, 
447 of which contained glycogen microscopically. He found that 
fibromas, osteomas, gliomas, hemangiomas, and “colloid” carcinomas 
were free of glycogen. In contrast, glycogen was constantly present 
in teratomas, “rhabdomyomas,” hypernephromas, and chorio-epithe- 
liomas, often abundant in squamous cell carcinomas, and much less 
frequent in adenocarcinomas. It was his opinion that only tissues nor- 
mally containing glycogen give rise to glycogen-containing tumors. [f 
this is so, the finding of glycogen in anaplastic malignant tumors 
might be of value in the histogenetic classification of these tumors. 

The recent development of a sensiti.. method for the demonstra- 
tion of glycogen in tissue sections has led to a general inquiry into the 
occurrence of glycogen in human tumors. The periodic acid-leuko- 
fuchsin reaction, introduced independently by McManus,’ Lillie,? and 
Hotchkiss,* has proved to be a satisfactory and convenient method for 
the coloration of glycogen. It is by no means specific for glycogen but 
may color a number of substances that contain the -CHOH-—CHOH-, 
-~CHOH-CHNH.-, or -CHOH-CHNHR- groupings. The split prod- 
ucts of glycogen resulting from diastase digestion are not colored by 
the periodic acid-leukofuchsin reaction. Therefore, by comparing two 
serial sections, one with preliminary diastase digestion and one with- 
out it, it is possible to distinguish between glycogen and other sub- 
stances subsequently colored by the periodic acid-leukofuchsin method. 

This paper deals with the distribution of glycogen in the capillary, 
cavernous, and arterial hemangiomas, sclerosing hemangioma,* der- 
matofibrosarcoma protuberans,’ hemangiopericytoma,* and Kaposi’s 
sarcoma. In addition, normal vascular structures, arrector pili muscle, 
and fibrous tissue were studied. 


MATERIALS AND METHODS 


The number of specimens and types of lesions examined are enum- 
erated in Table I. In addition, normal tissue and granulation tissue 


* Received for publication, May 5, 1952. 
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from human skin were studied to determine the occurrence of gly- 
cogen in vascular endothelium, vascular smooth muscle, arrector pili 
muscle, and fibroblasts of normal connective tissue, of scar tissue, and 
of granulation tissue. 

Fixation. All tissues were fixed in 10 per cent neutral formalin with- 
in 3 hours after surgical removal. A few specimens were fixed in 
alcohol-formalin (10 per cent formalin in 95 per cent alcohol). The 
tissue blocks were embedded in paraffin and sections cut 6 to 7 » thick. 


Taste I 


Glycogen in Hemangiomas, Dermatofibrosarcoma Protuberans, Hemangiopericytoma, 
and Kaposi’s Sarcoma 


No. of ea 
Lesion and anatomical structure specimenst 3 plus* 2 plus r plus None 

Capillary hemangioma 

Endothelium II 3 r 5 ° 
Cavernous hemangioma 

Endothelium 4 ° ° 3 I 
Arterial hemangioma 

Endothelium I I ° ° 

Smooth muscle of arteries H I I ° ° 
Sclerosing hemangioma 

Endothelium, non-lipid-containing 23 6 6 6 5 

histiocytes, and fibroblasts 
Dermatofibrosarcoma protuberans 

Endothelium ° ° 3 I 

Fibroblasts . 3 ° ° I 
Hemangiopericytoma 

Endothelium ° I I ° 

Tumor cells (pericytes?) : ° ° ° 
Kaposi’s sarcoma 

Endothelium ° I I 

Fibroblasts 6 I I ° 


* 3 plus = large amount and diffuse; 2 plus = moderate amount and diffuse; 1 plus = 
slight amount and diffuse, or focally distributed; none = glycogen not demonstrated. 

t The specimens of dermatofibrosarcoma protuberans, hemangiopericytoma, and Kaposi’s 
sarcoma, and a few of the hemangiomas were obtained from the Memorial Center for Cancer 
and Allied Diseases, New York, N.Y. The remaining specimens of hemangioma were ob- 
tained from the National Institutes of Health, Bethesda, Md. 

Staining Methods. The periodic acid-leukofuchsin reaction was per- 
formed according to the method of Lillie® except that potassium meta- 
periodate was substituted for sodium periodate. The technic of this 
modification has been presented by Mowry and Bangle.’® The sections 
were counterstained with hematoxylin for nuclear detail. Adjacent 
serial sections were stained by Best’s carmine method.’ 
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Diastase Digestion Procedure. Prior to staining by periodic acid- 
leukofuchsin and by Best’s carmine, control serial sections were incu- 
bated for 1 hour at 37° C. in o.1 per cent malt diastase (U.S.P. IX) 
freshly dissolved in saline-phosphate buffer at pH 6.0."" The control 
procedure was performed on all specimens. 

With both methods glycogen was identified in the tissue sections as 
bright red granules that were absent in the control sections after dias- 
tase digestion. 

RESULTS 

The occurrence and distribution of glycogen in hemangiomas, der- 
matofibrosarcoma protuberans, hemangiopericytoma, and Kaposi’s 
sarcoma are tabulated in Table I. Both the periodic acid-leukofuch- 
sin reaction and Best’s carmine method appeared equally sensitive for 
coloring varying amounts of glycogen. Best’s carmine method was 
superior only in that it stained fewer tissue components other than 
glycogen. For convenience, the results are presented for each lesion 
separately. 

Capillary Hemangioma. Glycogen was present in varying amounts 
in the cytoplasm of the endothelial cells in each specimen of capillary 
hemangioma (Figs. 2 and 3). This was true not only in endothelium 
differentiated into capillary structures but also in small cords and 
groups of aligned, proliferated endothelium without lumina. Only 
when the content of glycogen was large did a few granules of glycogen 
appear free in the lumina. 

Cavernous Hemangioma. Glycogen was present in slight amounts 
in the endothelium lining the irregular, dilated, blood channels in 3 of 
4 specimens of cavernous hemangioma. 

Arterial Hemangioma. Glycogen was demonstrated in varying 
amounts both in the cytoplasm of endothelial cells and in the smooth 
muscle coats of the arteries in both specimens of arterial hemangioma. 

Sclerosing Hemangioma. The distribution of glycogen in sclerosing 
hemangioma is difficult to define as to particular cell types. As sclerosis 
progresses in a hemangioma, the intercapillary fibrous tissue increases, 
often with a hyaline change of the collagenous tissue, or a diffusely cellu- 
lar picture is produced. The isolated or grouped cells, whether endothe- 
lial, fibroblastic, or histocytic, are difficult to differentiate. The only cells 
one can classify are endothelial cells lining formed capillaries and 
lipid-laden histocytes or “foam” cells. Considering all three cell types 
together, glycogen was found in varying amounts in the cellular cyto- 
plasm in 18 of 23 specimens. The “foam” cells uncommonly contained 
intracytoplasmic glycogen. Their cytoplasm presented variable amounts 
of lipids in frozen sections. A definite but much smaller amount of 
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stainable lipid material was seen in paraffin sections. Often the hemo- 
siderin and lipid granules in the histiocytes were colored pale to bright 
red by the periodic acid-leukofuchsin reaction in paraffin sections, and 
this staining reaction was unaffected by previous diastase digestion. 

Dermatofibrosarcoma Protuberans. A large amount of glycogen 
was demonstrated in the cytoplasm of the neoplastic fibroblasts in 3 of 
4 specimens of dermatofibrosarcoma protuberans (Fig. 1). The fibro- 
blasts were arranged in small whorls or bundles, often around a cen- 
tral capillary. The endothelial lining of this central vessel sometimes 
contained a small amount of glycogen. Whether this tumor is related 
to the sclerosing hemangioma or is a primary neoplasm of fibroblasts 
is unknown. 

Hemangiopericytoma. Glycogen was present in the endothelium of 
many of the small blood vessels and capillaries of the hemangioperi- 
cytoma, but was not found in the intervascular tumor cells proper 
(the neoplastic pericytes). 

Kaposi’s Sarcoma. The 2 specimens of Kaposi’s sarcoma in the skin 
were characterized by numerous irregularly spaced capillaries between 
which there occurred proliferation of spindle cells and fibroblasts in 
association with hemorrhage and with scattered lymphocytes and 
histiocytes. Glycogen was abundant in the cytoplasm of the spindle 
cells and fibroblasts, and a lesser amount was found in the endothe- 
lium of the capillaries. 

Normal Blood Vessels, Arrector Pili Muscle, and Fibroblasts of 
Human Skin. Thirty specimens of normal human skin showing arrec- 
tor pili muscle, 5 specimens of dermal scar tissue, and 5 specimens of 
granulation tissue were examined histochemically for glycogen. The 
results are tabulated in Table II. Glycogen was demonstrated in 
varying amounts in the endothelium and smooth muscle of blood ves- 
sels and in the arrector pili muscle in 25 specimens of normal skin. 
The fibroblasts in the dermal collagenous connective tissue and in the 
dermal scar tissue rarely contained intracytoplasmic glycogen. In con- 
trast, the proliferating fibroblasts in granulation tissue often presented 
intracytoplasmic glycogen, usually in small amounts. 

Lubarsch’ earlier demonstrated glycogen in “rhabdomyomas” and 
in many different types of epithelial neoplasms. This also is true of 
rhabdomyosarcomas, leiomyosarcomas, and carcinomas studied by 
me.’* Ackerman, Knouff, and Hoster,’* recently reported on the cyto- 
chemistry of normal and neoplastic cells in human lymph nodes. In 
normal lymph nodes, glycogen was demonstrated in the reticulum 
cells of the sinuses, in the reticular clasmatocytes, in the circulating 
neutrophils, and occasionally in the lymphocytes. With neoplastic in- 
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volvement of lymph nodes, glycogen was found frequently in the 
tumor cells in all specimens of metastatic carcinoma, frequently in the 
tumor cells of reticulum cell sarcoma, often in the modified lympho- 


Taste II 


Glycogen in Normal Blood Vessels, Arrector Pili Muscle, and Fibroblasts 
of Human Skin 


Anatomical structure Glycogen 

Endothelium of blood vessels Often present in variable amounts 
Smooth muscle of blood vessels (arterioles, Often present in variable amounts 

small and medium arteries) 
Arrector pili Often present in variable amounts 
Fibroblasts of normal connective tissue Uncommon 
Fibroblasts of healed scar tissue Absent 
Proliferating fibroblasts of granulation tissue Often present in small amounts 


cytes of lymphosarcoma and chronic lymphatic leukemia, and rarely 
in the Reed-Sternberg cell of Hodgkin’s disease. 


SUMMARY 


The periodic acid-leukofuchsin reaction in tissue sections and in 
control serial sections previously digested in malt diastase provides a 
useful procedure for the histochemical demonstration of glycogen in 
the cytoplasm of tumor cells. Best’s carmine method is equally satis- 
factory for the coloration of glycogen. These methods were applied to 
various vascular and related tumors—capillary hemangioma, caver- 
nous hemangioma, arterial hemangioma, sclerosing hemangioma, der- 
matofibrosarcoma protuberans, hemangiopericytoma, and Kaposi’s 
sarcoma. In addition, specimens of normal human skin and granula- 
tion tissue were studied. 

A varying amount of glycogen occurred in the endothelial lining of 
the blood vessels in many of these tumors and in normal skin. A vary- 
ing amount of glycogen also was present in the smooth muscle of 
normal arteries, of arrectores pilorum, and arteries in the arterial heman- 
gioma. Glycogen was not found in the intervascular tumor cells of 
the hemangiopericytoma. It often occurred in the intervascular spin- 
dle cells (usually fibroblasts) forming the sclerosing hemangioma, 
dermatofibrosarcoma protuberans, and Kaposi’s sarcoma. Fibroblasts 
of dermal collagenous tissue and of dermal scar tissue rarely contained 
intracytoplasmic glycogen, but proliferating fibroblasts of granulation 
tissue often presented small amounts. 

It becomes apparent that intracytoplasmic glycogen is in no way 
peculiar to certain cells or to neoplasms arising from these cells. 
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Therefore, the presence or absence of intracytoplasmic glycogen can- 
not be considered a useful criterion for the histogenetic classification 
of neoplasms. 


I am indebted to Dr. Fred W. Stewart, Memorial Center for Cancer and Allied 
Diseases, New York City, for providing many of the specimens examined in this 


study. 
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DESCRIPTION OF PLATE 


PLATE 159 


The three illustrations were prepared from sections stained by the periodic acid- 
leukofuchsin method with an iron hematoxylin, picric acid counterstain. 


Fic.1. Dermatofibrosarcoma protuberans showing glycogen in the spindle tumor 
cells, grade 3. X 600. 


Fic. 2. Capillary hemangioma showing diffusely distributed glycogen in the endo- 
thelium, grade 3. X 600. 


Fic. 3. Diastase digested control on adjacent serial section of case shown in Figure 
2. Glycogen has been removed completely. X 600. 
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UNUSUAL PATHOLOGIC MANIFESTATIONS OF DISSECTING 
AORTIC ANEURYSM 
INCLUDING ONE EXAMPLE oF So-CALLED INCOMPLETE RUPTURE* 


Warren C. Hunter, M.D., and James H. Lrum, M.D. 
(From the Department of Pathology, University of Oregon Medical School, Portland, Ore.) 

Shennan,’ in 1934, published the first extensive review of dissecting 
aneurysm of the aorta, and since that time a voluminous literature on 
the subject has appeared. Recently, Gore and Seiwert? reviewed 85 
fatal cases of dissecting aneurysm of the aorta and Gore* presented 
an excellent study of the pathogenesis of the lesion. These and many 
other readily available publications make a further review of the liter- 
ature unnecessary at this time. 

The purpose of this paper is to present four studies of unusual and 
interesting variants of dissecting aneurysm of the aorta, one of which 
raises the question as to the relationship of so-called incomplete rup- 
ture of the aorta and dissecting aneurysm. 

Case 1 was an extensive, healed, dissecting aneurysm of the aorta 
that was diagnosed clinically. The false channel ended in a blind pouch, 
the communication between the true and false channels being situ- 
ated well proximal to the actual end of the dissection. Furthermore, 
there was an associated and entirely separate arteriosclerotic aneurysm 
of the abdominal aorta which ruptured spontaneously resulting in the 
death of the patient approximately 4 years after the original dissecting 
lesion occurred. 

In case 2 there were three small, separate points of communication 
between the true and false channels in the ascending aorta. The com- 
pressed but patent right coronary artery also traversed the dissected 
aortic layers. Another independent feature was coarctation of the 
aorta of adult type. 

Case 3 had several features of unusual interest, including (a) two 
dissecting aneurysms of distinctly different ages, involving exactly the 
same part of the aorta; (b) organization rather than canalization of 
the thrombus associated with the older lesion; (c) healing for a short 
distance only at the proximal and distal ends of the communications of 
the earlier dissection with the aortic lumen; (d) origin of the final 
and very recent hemorrhage from a weak point at one margin of the 
healed aneurysm; (e) sufficient repair of the initial cleavage at other 
points to prevent completion of a total annular rent on the second 
occasion. 


* Received for publication, May 15, 1952. 
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Case 4 exemplifies how, uncommonly, incomplete rupture or dissect- 
ing aortic aneurysm may occur in the presence of both the clinical 
and pathologic factors predisposing to the common form of rapidly 
fatal aneurysm. Yet, in this instance the aortic lesion was asympto- 
matic except as it might have accounted for an aortic murmur and it 
was discovered in a routine necropsy. 


CASE I 


The patient (305-ma-50), a 67-year-old white male, was first admitted to Mult- 
nomah County Hospital on September 5, 1946, with the chief complaint of abdominal 
pain. He described the sudden onset on September 2 of severe pain at the lower 
lumbar level, which radiated down the right leg and into the lower abdomen from 
both sides. He had noted that the right leg (left leg absent from mid-thigh amputa- 
tion in 1926 following a compound fracture complicated by infection) was numb, 
cold, white, and painful until September 4, when he again became asymptomatic. 
Chest pain, cough, or hemoptysis were denied. The favored clinical impression at 
this time was dissecting abdominal aneurysm. On September 9 symptoms suggesting 
obstruction of the colon necessitated laparotomy, and palpation of an aneurysm of the 
distal aorta was reported. No tumor or other obstruction was found. Recovery was 
uneventful, and he was discharged from the hospital on December 19. 

The interval history revealed several hospital entrances, none of which have direct 
bearing on the present discussion. The recorded blood pressure varied from a high of 
205/125 to a low of 180/110 mm. of Hg. On one of these admissions a diagnosis of 
hypertensive cardiovascular disease was established, the heart being described as 
enlarged and having an aortic configuration. 

The final admission to Multnomah County Hospital was on October 17, 1950. On 
October 16 he had noted a sharp, shooting pain originating in the left flank posteriorly 
which radiated to the left lower quadrant of the abdomen, but not to the right leg or 
the stump of the left. On the evening of October 17 he experienced a similar pain 
which was severe enough to cause temporary loss of consciousness. Physical examina- 
tion revealed a pulse rate of 92 per minute and a blood pressure of 74/56 (?). The 
patient was described as pale, thirsty, and drowsy, and had cold skin. There was slight 
dyspnea and occasional complaint of abdominal! pain. Examination revealed a re- 
laxed abdomen with some voluntary muscle spasm and guarding to deep palpation, 
especially in the left lower quadrant. The left flank appeared distended. The bowel 
sounds were absent. No viscera were palpable. The clinical impression was retro- 
peritoneal hematoma, probably secondary to the extension of a dissecting aneurysm. 
Roentgenologic examination of the chest and abdomen on October 18 suggested 
hypertrophy of the left ventricle and a markedly tortuous and elongated aorta, par- 
ticularly in the descending thoracic portion. There were increased soft tissue densi- 
ties throughout the upper left abdominal cavity with obliteration of the psoas and 
kidney shadows. The left hemidiaphragm was elevated. Despite supportive therapy 
death occurred suddenly on October 19, 1950. 


Necropsy Findings 
At necropsy the heart weighed 580 gm., the increased weight being 
predominantly due to hypertrophy of the left ventricle. There was 
moderate subendocardial myofibrosis, but no recent infarction. There 


were no mural thrombi. The coronary arteries showed only moderate 
arteriosclerotic narrowing. 
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The aorta displayed marked atheromatous changes throughout its 
length, as did also the proximal portions of the common iliac arteries. 
The proximal 9 cm. of the aorta was the seat of fusiform dilatation and 
increased tortuosity. Approximately 9 cm. distal to the aortic valve 
ring, the aorta divided into two distinct channels, both of which were 
lined by endothelium, giving the aorta a “double barreled” appearance 
throughout most of its length (Fig. 1). The ostium of the false channel 
was immediately distal to that of the true channel, arising on the left 
lateroposterior portion of the aortic wall. The false channel followed 
diagonally across the posterior portion of the transverse arch, contin- 
ued down the right lateroposterior portion of the aortic wall and ended 
in a blind pouch approximately 9 cm. proximal to the bifurcation. 
Multiple major vessels arose from the false channel. Eight cm. distal 
to the origin of the false channel there was an irregular, smooth, 1.2 
by 1.0 cm. perforation of the wall separating the true and false chan- 
nels, and constituting the distal communication between them 
(Fig. 1,e). There was a large, arteriosclerotic, saccular aneurysm of the 
lower abdominal aorta, the inferior margin of which was approxi- 
mately 1.0 cm. proximal to the aortic bifurcation. The sac was almost 
completely filled by an old, laminated, mural thrombus, only a narrow 
passageway remaining through which blood was reaching the lower 
extremities. A small area on the superior, left, lateral portion of the 
wall of the aneurysmal sac remained unprotected, and at this point a 
rupture of the aorta was identified as the source of the massive retro- 
peritoneal hemorrhage filling the left side of the abdominal cavity. 
This was regarded as the immediate cause of death. 

Microscopic Observations. The dissected part of the aorta exhibited 
arteriosclerotic changes involving both the true and endothelialized 
false channel. The outer wall of the false channel was somewhat thin- 
ner than the septal wall between the two channels. A few focal cystic 
spaces in the media compatible with so-called cystic medionecrosis 
were identified. There was no evidence of syphilitic aortitis. 


Discussion: Case 1 


Reports of healed dissecting aneurysm of the aorta, so-called double 
aortas, are fairly frequent in the literature. One such case with a sur- 
vival of 9 years following the initial dissection has been described 
recently.* Jones and Langley® have recently re-emphasized that entry 
back into the aorta or one of its branches seems almost a prerequisite 
for survival, although this does not absolutely prevent external rup- 
ture. The most common site of re-entrance seems to be the distal aorta 
near the bifurcation or the iliac arteries. The re-entrance of blood 
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from the distal end of the dissected sac into the lumen of the vessel 
permits circulation through the new channel and is the most important 
determining factor in the process which leads to healing and produc- 
tion of a separate channel.’ 

In our case 1, the point of re-entry into the true channel was con- 
siderably proximal to the end of the dissection. The false channel, 
devoid of thrombus, endothelialized, and the seat of sclerotic plaques, 
ended in a blind pouch. Numerous reports of major vessels arising 
from the false channel are to be found in the literature, and in this 
instance such was the case. The apparent, highly placed, vascular 
occlusion of the blood supply to the right leg at the time of the initial 
dissection is of interest. In acute dissections, East® emphasized pathog- 
nomonic changes in the circulation of the legs due to obstruction of the 
aorta, which may be helpful in diagnosis. More recently, Shucksmith 
and MacPherson’ reported the details of a fatal case of dissecting 
aneurysm of the aorta simulating embolism at the aortic bifurcation, 
and stated that the difficulty in diagnosis of the vascular cause of 
sudden pain and paralysis in a limb is the element of arterial spasm 
which may occur in embolism and in dissecting aneurysm. At operation, 
the reported visualization of an aneurysm was undoubtedly a descrip- 
tion of the associated, independent, saccular, arteriosclerotic aneurysm 
of the abdominal aorta. The fact that the spontaneous rupture occurred 
through an area unprotected by the mural thrombus is of interest. 


CASE 2* 


The patient (435-a-50), a 46-year-old white female, was first seen in January, 
1948, complaining of pain in the left arm and back. There was a long-standing his- 
tory of hypertension, and the recorded blood pressure on this visit was 212/126 mm. 
of Hg. There was moderate enlargement of the left ventricle. She was admitted to 
the hospital on January 28, complaining of severe pain of sudden onset in the upper 
precordial region, radiating through to the back and down into both flanks. 

The pulse rate was rapid, and the blood pressure was 172/112. The next day it 
was 154/68, and she developed systolic and diastolic murmurs over the entire pre- 
cordium. The cardiac murmurs gradually diminished. She was again hospitalized in 
March, complaining of dyspnea and chest pain; the blood pressure was 160/70. There 
was cardiac enlargement and rales were heard in the right lung base. Digitalization 
brought considerable improvement in symptoms. In June and December of the 
same year there were episodes of congestive heart failure which responded nicely to 
oxygen and mercurial diuretic therapy. The patient was followed in the office until 
March, 1950, when she again had congestive heart failure. The blood pressure was 
180/o. She was placed on a low-sodium diet, treated with oxygen, and in a few days 
was asymptomatic. She was again hospitalized in May and August of 1950 for severe 
congestive failure. At the last admission there were moist rales in both lung bases. 
The heart was greatly enlarged, and there was a loud to and fro murmur over the 
entire precordium. The blood pressure was 180/o. There was 2 plus pitting edema 


* We are indebted to Dr. William A. Burget of the Astoria Clinic, Astoria, Oregon, for 
the very complete clinical information. 
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of the legs and ankles associated with cyanosis of the lips, nail beds, and mucous 
membranes. Death occurred suddenly on August 7, 1950. 


Necropsy Findings 


Necropsy was performed in another city, and only certain tissues 
were submitted to us. 

The bulk of the specimen, weighing 730 gm., consisted of the heart 
and entire aorta, together with about 7 cm. of each common iliac 
artery. The aorta had been opened previously throughout its length, 
and the left ventricle also was opened. There was dilatation of both 
cardiac ventricles. Hypertrophy of the left ventricle was marked. 
Scattered in the myocardium of the posterior portion of the left ven- 
tricle were tiny fibrotic patches; at the apex the myocardium was 
extensively replaced by whitish fibrous tissue. There was some bulg- 
ing of the apical interventricular septum into the right ventricle. The 
leaflets of the aortic valve showed slight fenestration and atheromatous 
mottling. The circumflex and anterior interventricular branches of the 
left coronary artery and its main trunk were patent and showed only 
minimal focal arteriosclerotic change. The right coronary artery was 
patent except in the area where it traversed the dissecting part of the 
aortic layers. 

Between the pulmonary artery and the right atrial appendage there 
was a saccular cavity measuring about 10 by 8 by 5 cm. (Fig. 2). 
This was a portion of a sac produced by the dissection of the aortic 
wall throughout its length. One gained the impression that the sac of 
the dissecting aneurysm in the ascending aorta could very readily have 
produced compression of the pulmonary conus and first part of the pul- 
monary artery. Certainly, it had obliterated the right atrioventricular 
groove. In this portion of the sac, there were three communications be- 
tween the sac and the proper intimal surface of the aorta just above the 
aortic cusps. Two of these occurred close together, and were 3 and 5 
mm., respectively, in diameter. These fenestrations were located just 
above the anterior aortic sinus, and just beneath them was the slit-like 
opening of the right coronary artery, measuring about 4 by 1 mm. 
Around all but the inferior margin, the ostium was surrounded by a 
raised ring of intimal sclerosis. The third opening, 5 mm. in diameter, 
was located just behind the right posterior aortic cusp. 

The true intima of the ascending aorta was almost entirely free from 
sclerosis. This was in striking contrast to the remainder of the vessel. 
Following the dissection distally, the presence of an aortic coarctation 
of the adult type, situated immediately proximal to the aortic end of 
the ductus arteriosus, apparently was responsible for the fact that the 
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dissection in the thoracic aorta had stopped on the left side. The 
descending aorta was not a complete double tube, 2 to 2.5 cm. of the 
anterior wall having failed to split anywhere. In the ascending por- 
tion of the sac and more often in the descending aorta, on both sides 
of the inner tube and bridging between the two segments of the wall, 
were a number of thin, white, shiny cords representing remnants of 
vessels. None of the larger branches of the abdominal aorta lay in the 
line of cleavage and none was appreciably narrowed. The dissection 
stopped at the bifurcation of the abdominal aorta on the right side, 
but continued along the left common iliac artery for a distance of 
5 cm. The common iliac arteries were fully as sclerotic as the aorta. 

Microscopic Observations. A large block from the abdominal aorta, 
including the complete circumference of the vessel, showed thickening, 
hyalinization and fatty deposits in the true intima. This was far 
thicker than the pseudo-intima that had formed on the two surfaces 
of the false channel. Cells resembling endothelium were found only 
occasionally, the immediate lining being degenerated and hyalinized 
media, without thrombus formation over it. Focal areas of calcifica- 
tion were present. Consistently lacking in the various sections of the 
aorta was evidence of medial degeneration with cyst formation, such 
as one often observes in dissecting aneurysm. Transverse sections from 
the segment of the right coronary artery as it passed through the base 
of the false sac revealed a patent lumen, elliptic rather than round. 
There was some intimal thickening with deposits of lipid-laden cells. 
The adventitia was wholly lacking, as would be expected for the intra- 
mural part of a coronary vessel. Of interest was the fact that there 
were several good-sized areas of degeneration and hyalinization of the 
media of the coronary artery. There was no evidence of thrombosis, 
old or recent. 

Discussion: Case 2 

It is well known that dissecting aneurysms extending to the root of 
the aorta commonly rupture into the pericardial sac with resultant 
cardiac tamponade. Perhaps the multiple stomata in the ascending 
aorta may have prevented such a catastrophe in this case, especially 
if they formed at the time of the original dissection. These communi- 
cations appear to be of relatively long standing, and may possibly 
account for the to and fro murmurs heard clinically. A second inter- 
esting feature of this case was the traversing of the aneurysmal sac by 
the right coronary artery. Although the vessel was not occluded, the 
lumen appears flattened microscopically, and thus coronary insuffi- 
ciency may well have existed. The number of reported cases of coro- 
nary artery involvement in dissecting aneurysm is small. Oram and 
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Holt® recently reviewed the ways in which the coronary blood supply 
can be rendered inadequate by dissecting aneurysm. 


CASE 3 


A male (A-36-52 P. San.), 60 years of age, had had known hypertension and re- 
peated episodes of heart failure for the past several years; 9 months prior to death 
he suffered a right hemiplegia. A few days prior to the first hospital admission on 
January 31, 1952, there was complaint of acute nausea, vomiting, and headache, 
together with some pain in the right upper quadrant and back. The severity of the 
pain or changes in its location are not noted in the history. In view of the roent- 
genologic finding of duodenal deformity, suggesting peptic ulcer, ulcer management 
was instituted and after 3 days he was discharged. The blood pressure recording was 
220/120 mm. of Hg. 

The final admission, on April 19, 1952, preceded death by only 3 hours. Starting 
with dizziness and numbness of the left side, he quickly became comatose and died. 
The blood pressure was 280/120. 


Necropsy Findings 


At necropsy, the following were found to be of interest: generalized 
arteriosclerosis; renal and pancreatic arteriolosclerosis; massive acute 
pontine hemorrhage, extending into all ventricles of the brain; hyper- 
trophy of the heart (790 gm.); renal adenoma (3 cm. in diameter) ; 
nothing indicative of duodenal ulcer, active or healed, and two dissect- 
ing aneurysms of the aorta, to be described in detail. 

Gross Appearance of Aorta. Viewed in the posterior-anterior direc- 
tion, the opened descending portion of the aorta at once revealed an 
extensive, fresh, incompletely annular splitting of the vessel through 
the media, with both fluid and newly clotted blood in the space and 
many circularly disposed parallel ridges on the inner aspect of the 
outer segment. Rupture through the adventitia or backward into the 
original lumen of the vessel could not be demonstrated. Superiorly, 
the new cleavage fell a trifle short of the right subclavian artery; 
inferiorly, it ended at the level of the renal arteries. Palpation of the 
anterior wall elicited a doughy sensation in places and induration in 
other parts of this wall, with quite evident cessation of the recent tear. 

Located in the anterior aortic wall, beginning 2.3 cm. inferior to the 
ostium of the right subclavian artery, was an abnormal opening 1.5 
by 1.5 cm. and 1 cm. in depth, shallow and saucer-like on one side and 
with a smooth and overhanging margin on the other. The base of the 
shallow portion was glistening, that of the deeper part dull and rough. 
Five mm. to the right of the opening just described was another, 0.7 
by 0.3 cm., leading downward for 0.7 cm. into a thrombus, and like 
the other defect, possessing a shiny intimal margin. Both gave the 
impression of being healed defects. A transverse section of the vessel 
wall at this level revealed an apparent thin band of intima between 
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the stomata, forming a partial septum which ended in a firm reddish 
brown thrombus having a thickness of 1 cm. and a breadth of at least 
2 cm. Each opening ended blindly and did not reappear elsewhere in 
the clot. Superiorly, the thrombus gradually became smaller and 
stopped within the media just short of the ostium of the subclavian 
artery. 

Two additional abnormal stomata were noted in the right anterior 
wall, 13 cm. distal to those just described. Separating these was a 
smooth intimal septum 1 mm. broad. The openings measured 5 by 2 
mm. and 5 by 5 mm. and presented glistening margins, quite like the 
surrounding intima. A transverse slice at this level indicated plainly 
that both openings, after enlarging very slightly and finally lying 6 
mm. apart, were mere burrows into a firm brownish thrombus, ending 
blindly after attaining a depth of only 6 mm. 

Cuts at intervals of 5 to 7 mm. throughout the length of the aorta 
disclosed some variability in the size, consistency, afd color of the 
thrombus (Fig. 3). Both above and below the superior stomata the 
thrombus was firm, reddish brown, and relatively thin and flat, but 
within a few centimeters it became appreciably thicker, soft and black 
centrally, and chocolate brown peripherally. Finally, nearing the in- 
ferior openings, the clot thinned out, and became elongated and light 
brown to almost white. 

Immediately around much of the thrombus one could make out 
firm and white wedge-shaped areas, appearing like connective tissue. 
However, in one area in the right lateral wall, at a point where the 
largest and thickest portion of the thrombus lay, there appeared to be 
a deficiency in the tissue and this was thought to be the source of the 
new hemorrhage which almost encircled the vessel. The inner wall of 
the new dissection consisted of intima containing scattered yellow or 
white plaques, while the outer layer was composed of the adventitia 
and at least a part of the media. 

Microscopic Observations. The base of the more shallow portion of 
the larger, superiorly located defect consisted in part of abundant 
young connective tissue in the location of the intima and then, as the 
margin of the defect was approached, of organizing thrombus. Even 
here it was apparent that the media had been split, as evidenced by a 
thin zone of relatively young vascular connective tissue, separating the 
media into two parts. Still further outward there was an absence of 
elastic fibrils in parts of the middle third of the media and a bluish 
staining reaction rather than an acidophilic one, constituting one of 
the medial lesions predisposing to dissection. The smaller of the su- 
perior openings was, in part, separated from the larger one by a bit of 
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turned-over media and intima bound to a thrombus, at this point 
unorganized, while the remainder of the opening was bordered by 
thrombus alone. In contrast, the small openings, 13 cm. inferiorly, 
were both surrounded by abundant young connective tissue, circularly 
disposed in the manner of a vessel wall, but devoid of elastic fibers, 
and directly continuous with the thickened and hyperplastic intima 
and with much less cellular but vascular connective tissue filling the 
old dissection. Save for the area of poor organization at the periphery 
of the largest part of the clot within the old dissection, a very appre- 
ciable amount of connective tissue filled the defect and bound the media 
firmly. The center of the larger parts of the intramural] thrombus was 
undergoing softening. Along the right border of the weakly organized 
thrombus, approximately midway between the superior and inferior 
stomata, there was microscopic proof of a direct connection between 
the old and new dissections. The thrombus in the latter was made up 
of coarse strands of fibrin with enmeshed leukocytes and erythrocytes, 
in contrast to the amorphous structure of the older thrombus. 


Discussion: Case 3 


While it is by no means unusual to encounter healed dissecting 
aortic aneurysms, commonly these are of the “double-barreled” type, in 
which one or more defects provide inflow and outflow channels. Usual- 
ly too, under this circumstance, the false channel is fully open, rather 
than occluded by a thrombus. It is logical to believe that in this ex- 
ample the more caudal communications either did not exist at the time 
of original dissection, or if so, that they were always very small and 
prevented or slowed the egress of blood until a thrombus formed 
throughout the length of the cleft. 

In this example openings existed at each end of the older lesion but 
quickly terminated in an organizing thrombus superiorly and as struc- 
tures lined with connective tissue inferiorly. The remainder of the 
original dissection failed to canalize. 

Whenever the thrombus spread widely and thinly complete organi- 
zation occurred, cementing the media once more, but in those areas 
where it was thick and bulky healing was found only at the periphery 
and the union was a weak one. There is positive microscopic proof that 
the terminal dissection began along one border of the poorly organ- 
ized original thrombus and spread rapidly to the point of encircling 
the remainder of the aorta. One wonders whether, with a very probable 
elevation of systolic blood pressure after the rapidly fatal intracranial 
hemorrhage began, additional strain was placed on the aorta already 
weakened by incomplete walling-off of the first dissection and with the 
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predisposing factor of focal medial degeneration in existence, and thus 
initiated the final dissection, which was so recent that the patient’s 
history gave no indication of its presence. 

Although absolute proof is lacking, it is very probable that the first 
dissection took place approximately 214 months prior to death, as 
evidenced by the complaint of right upper abdominal and back pain, 
thought to have been due to peptic ulcer, no evidence of which was 
found at necropsy. 

The case is of further importance in that it affords an explanation 
for the peculiar minor cleavage of the aorta in case 4. After about 
2% months, we see microscopic evidence of advanced healing of the 
unquestionably torn intima and media, and of the underlying throm- 
bus. If only the more superior defects had developed in connection 
with a blindly ending dissection as in case 4, and if the patient lived for 
an appreciable period of time, is it not conceivable that a very firm 
union of the base of the cleft might have occurred, the connective tis- 
sue have been much reduced by compression from the tension within 
the artery, a new endothelium formed, and a picture like that of the 
defect in case 4 might have resulted? Is it not possible for very short 
dissections of the aorta to occur? If this concept is correct, some of 
the lesions described in the literature as “incomplete rupture” of the 
aorta actually may be dissecting aneurysms? 


CASE 4 


The patient (M-155-6-40), was a male, 71 years of age. Five years prior to death 
he became dyspneic on exertion and for the past 10 years noted occasional frontal 
headache and episodes of vertigo. The blood pressure on the first hospital admission, 
3 years before death, was 180/96 mm. of Hg, the apex beat was in the sixth left 
interspace, and a blowing systolic murmur was heard there. The second and last 
admission, 1 month before death, was for interscapular and inferior sternal pain, 
coming on during the afternoon and persisting through the night. The pain was not 
brought on by exertion; rather, motion brought relief. Dyspnea was not a complaint. 
The blood pressure was 180/100, with the heart apparently unchanged in size, but 
in addition to the apical systolic murmur there was now a systolic aortic murmur, 
transmitted upward. For years there had been marked urinary frequency. To palpa- 
tion the prostate was indurated and nodular medially. The peripheral arteries were 
sclerotic. 

The clinical diagnoses were: probable coronary occlusion; possible dissecting 
aneurysm; osteo-arthritis of spine; probable carcinoma of the prostate with 
metastasis. Both blood and spinal fluid gave a negative serologic reaction for syphilis. 


Necropsy Findings 


At necropsy, the following observations were made: advanced adeno- 
carcinoma of the prostate with metastasis to the lumbar vertebrae; 
osteo-arthritis of the thoracic spine; generalized arteriosclerosis; 
terminal bronchopneumonia; cardiac hypertrophy (540 gm.). 
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Aortic Lesion. Of no apparent importance as a cause of death, but 
of great pathologic interest, was the ascending aorta. The aortic valve 
measured approximately 8 cm. in circumference, with the lumen in- 
creasing to 11 cm. immediately above the attachment of the cusps. 
There was a distinct pocket in the vessel wall, having one end lying 
superior and a little anterior to the ostium of the left coronary artery. 
The opposite terminus was well above and a little to the left of the 
right coronary ostium, wholly within the left half of the ascending 
aorta (Fig. 4). The free margin of the pocket had a smooth surface, 
averaging 2 mm. in thickness. This abnormal structure resembled a 
thick and very large semilunar valve cusp. When the opened aorta 
was re-approximated and the pocket viewed from above, no appreci- 
able protrusion inward at this point could be noted; rather it reminded 
one of a slightly open and sagging coat pocket. Since there was no 
localized protrusion of the outer wall of the vessel at this level, the 
structure bore no resemblance to a saccular aneurysm. The intimal 
surface, both over the inner flap and within the cavity itself and like 
that of the ascending aortic intima elsewhere, was studded with whitish 
plaques, without ulceration or calcification. The lining of the pouch 
was glistening throughout. Specifically, there was no suggestion of the 
linear wrinkling of syphilis. 

The defect had a maximum depth of 1.5 cm. and a thickness of 
2 to 3 mm. In comparison, the outer segment of the aortic wall meas- 
ured 3 mm., not including the adventitia. The left coronary artery 
pierced the aorta immediately inferior to the base of the pouch but 
was not narrowed in any way. 

Microscopic Description. Multiple sections from a block cut to 
include the full thickness of the aortic wall both superior and also 
inferior to the defect, together with all of the inner flap, were stained 
with hematoxylin and eosin, van Gieson’s stain, and for elastica by the 
Weigert and Verhoeff technics. 

While both the inner and the outer aspects of the flap consisted of 
acellular hyalin-like material, save for some bits of calcium at the free 
margin, it was evident that the center was media because of the pres- 
ence of as many as thirty layers of elastic fibers in parallel arrange- 
ment, still evident despite fragmentation and separation by hyalin. At 
the base of the pouch, the elastic fibers were much more compactly 
arranged than elsewhere and curved upward into the segment of the 
aortic media and also directly and without interruption into the flap 
itself, as previously mentioned. The number of elastic fibrils in the 
outer part of the vessel wall numbered from fifty to sixty and exhibited 
less fragmentation and hyaline degeneration than.those in the flap. 
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Replacing the original media throughout the pocket was dense hyaline 
tissue. There was no thrombus formation anywhere. 


Discussion: Case 4 


The microscopic structure of the aortic wall at the level of the de- 
fect and of the adjacent portion of the vessel inferiorly and superiorly 
indicated convincingly the existence of a cleft through the media. True 
intima existed over the aspect of the flap bordering the main aortic 
lumen; false intima, consisting of hyalin alone, lined the walls of the 
pocket. The cleavage of the media evidently occurred somewhat to- 
ward the inner third of this coat, if one may judge by the greater num- 
ber of parallel fibrils in the outer segment. The presence of layers of 
elastic fibers within the flap itself, and especially the fact that these 
bridged across the base of the defect to become continuous with those 
in the outer segment of the aorta, are regarded as evidence of cleavage 
of rather short length and of mild degree in order to save these fibrils 
intact. It is remarkable that the split was so sharply limited, that it 
failed to extend further at any time, healed completely, and that no 
indication of old hemorrhage existed in its vicinity. The many foci of 
degeneration, absence of medial elastica, and the frequent small clefts 
in this coat are features often observed in aortas with dissecting 
aneurysm. On the other hand, the focal softening, fraying, and edema 
about the vasa vasorum, commonly found as predisposing lesions in 
dissecting aneurysm, were lacking. There were no endarteritis or peri- 
vascular collections of leukocytes anywhere. 

The location and even the size of the open end of the defect are not 
unlike the features of intimal rupture observed in acutely developing 
dissection and also in some healed dissecting aneurysms such as our 
case 3, but at this point the resemblance ceases. If the dissection in 
case 3 had been small and short, it is not difficult to imagine that had 
the thrombus within it healed in time, the resulting structure might 
have closely resembled that of this case. 

The location of the defect is hardly in keeping with a supernumerary 
aortic valve cusp and the positive microscopic proof of medial as well 
as intimal structure, together with direct continuity with the remainder 
of the media, rule out supernumerary valve. Against the possibility 
of origin by hemorrhage and excavation of an atheromatous intimal 
ulcer is again the fact that not only intima but much media share in 
the composition of the flap. 

The clinical features of the case throw no real light on when the 
dissection took place unless the systolic aortic murmur noted on the 
last admission can be ascribed to the aneurysm. If so, the absence of 
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this sound on the prior admission 3 years earlier might indicate that 
the damage occurred some time in that interval. Peery® and also 
Spicknall and Binford*® have observed the occurrence of aortic mur- 
mur in the presence of “incomplete rupture of the aorta,” which Peery 
regarded as closely akin to dissecting aneurysm. 


GENERAL DIscussION oF SO-CALLED INCOMPLETE RUPTURE 
OF THE AORTA 


Peery,® in 1942, writing mainly from the clinical point of view, 
described the characteristics of both recent and healed incomplete 
rupture of the aorta. He did not mention the detailed structure of the 
margins and the remainder of the vessel wall other than the presence 
or absence of medial degeneration or evidences of syphilis, with two 
exceptions. In his case 3 it was observed that the base of the tear was 
crossed by several bands of torn media covered over with scar tissue, 
and again in case 7 sections taken across the tear displayed degenera- 
tion of muscle and elastic tissue of the media, and replacement by a 
mucoid soft fibrous tissue, together with a few mononuclear cells in 
the base of the defect. Without stating that he was writing specifically 
of personally studied healed or healing examples, Peery described the 
microscopic character of the lesion in incomplete rupture of the aorta 
as tears showing an abrupt interruption of the media involving approx- 
imately the inner two-thirds of that coat, breaking and fraying of the 
elastica, an intima that was usually thickened and hyaline at the base 
of the tears, and scar tissue in the disrupted media. The media might 
appear normal a few millimeters back from the edges of the tear. Ex- 
ceptionally, in Peery’s series, mucoid changes were noted in the media, 
but since they were found only at or near the tear, they were regarded 
as degenerative changes following the tear. Again apparently general- 
izing, older incomplete tears were described by Peery as occurring 
usually in the ascending portion of the aortic arch, at or near the end 
of the commissures, and directed mostly transversely, occasionally 
obliquely, and rarely longitudinally. Size varied considerably; most 
often the tears were 0.5 to 2 cm. in length. Owing to the gaping which 
occurs, they usually were elliptic, with sharp and clearly defined edges. 
The lips of the tear usually were 3 to 6 mm. apart with a slightly 
outward bulging of less than 1 cm. between the lips. The base was 
commonly smooth, white and glistening, and might show slight trabec- 
ulation. 

Between 1935 and 1942, Peery® saw 6 instances of incomplete rup- 
ture without dissecting aneurysm; during the same years 2 cases of 
dissecting aneurysm were studied in which the clinical record strongly 
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suggested that the process occurred in two stages, and also several 
incomplete tears in cases of death due to dissecting aneurysm, giving 
a total of 8 examples among 1,600 necropsies. Three additional ex- 
amples were encountered in a review of the necropsy records. There 
was a high incidence of hypertension on the services from which all of 
these cases were derived. Mention was made that if one judges the 
incidence of incomplete rupture of the aorta from the literature it 
would have to be considered a rare lesion, but that Gallavardin and 
Gravier*? and Maresch’”? indicated that it is frequently overlooked at 
necropsy. Peery was of the opinion that in many instances complete 
rupture takes place through the base of an old tear, thus obliterating 
evidence of its previous state. Five of his examples were healed tears, 
encountered incidentally at post-mortem examination. There are many 
points of similarity between these cases and our case 4. Two addi- 
tional patients had healed incomplete ruptures situated close enough 
to the aortic valve to produce aortic insufficiency. Finally, there were 
3 examples of dissecting aneurysm which probably followed incom- 
plete tears, starting 17 months, 7 months, and 4 days, respectively, 
before the final episode. 

Peery® viewed incomplete aortic rupture as closely akin to dissect- 
ing aneurysm and as the condition which exists after a tear has oc- 
curred in the vessel wall but before dissection has begun. It appears 
to us that this is a fine distinction and that it would be equally logical to 
term the process as primarily a dissection of greater or lesser degree 
and to drop the term incomplete rupture. Are dissecting aneurysms of 
the types we have described in our first 3 cases not examples of in- 
complete rupture of the vessel? Yet they are lesions which anyone 
would unhesitatingly call dissecting aneurysms. Conversely, is there 
not clear-cut evidence of cleavage of the aortic media in our case 4? 
Why, then, term the latter an incomplete rupture and the others dis- 
secting aneurysms? Our objection to the term “incomplete rupture” 
is that it introduces another name, possibly connoting to the reader a 
different etiology and a different pathologic process for what seems to 
be essentially dissecting aneurysm, the difference being one of degree 
rather than of kind. 

From Bolivia, Wenger,’*® in 1943, reported observations on 2 cases 
of medionecrosis cystica idiopathica with rupture of the inner coats of 
the ascending aorta, not followed by dissecting aneurysm in the usually 
understood sense. The points of rupture were filled in by connective 
tissue, and elastic tissue had regenerated at the site of rupture in one 
case but in the other only connective tissue filled the defect. In one 
instance a complete rupture occurred later in the vicinity of the first 
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and probably began about 5 hours after a cerebral hemorrhage. Thus 
it is reminiscent of our case 3. Macroscopically, neither of Wenger’s 
examples resembles our case 4, for one was ulcer-like and the other a 
curved groove. Histologically, one of Wenger’s examples displayed a 
torn stump of media on one side of the tear and a streamer of intima 
on the other, a base nearly filled in by connective tissue and remnants 
of old media below this; there was no real dissection. The photomicro- 
graph of the other case depicted a thin crescentic scar starting at the 
groove in the intima, running at a right angle well into the media, and 
then turning to one side for a short distance within this coat. One of 
his subjects had hypertension. 

The study of Fisher and Salmons,“ in 1950, concerned a single 
example of healing of an incomplete spontaneous rupture of the as- 
cending aortic wall which was discovered at necropsy. The lesion en- 
circled the vessel about 2.5 cm. above the sinuses of Valsalva and there 
was dissection of the intima and media for a distance of 2.5 cm. in each 
direction from the rupture. Endothelialization appeared to have oc- 
curred, with three or four dense fibrous strands between the combined 
intima and media and an unchanged adventitia. Neither cystic nor 
necrotic changes were observed in the aortic media. The patient was 
hypertensive and had died in congestive heart failure. These authors 
included a brief discussion of the etiology and pathogenesis of incom- 
plete partial rupture of the aorta, which may be summed up by saying 
that little or nothing is known definitely about either. 

Another example of partial rupture and dissection of the aorta 
was depicted grossly and microscopically by McMillan* in his study 
of an instance of diffuse granulomatous aortitis with giant cells. The 
defect was located in the ascending aorta, extended in a superior-in- 
ferior direction, had irregular margins, and microscopically the lips 
were rounded and contained a few imperfect elastic fibers. The mar- 
gins were under-cut by a lateral dissection, extending for only 1 to 2 
mm. on either side. The granulomatous reaction occurring elsewhere 
in the aorta was present in the area of rupture but in less severe form. 
There was no mention as to whether the author believed that the 
aortitis had a causal relationship to the tear. 


SUMMARY 


Four case reports of unusual and interesting variants of dissecting 
aneurysm of the aorta are presented. Case 1 illustrates that re-en- 
trance of the dissection into the true channel can take place at some 
distance from the end of the sac, and yet the blind pouch may heal 
without thrombosis. This case is of additional interest because it re- 
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mained for an independent arteriosclerotic aneurysm of the abdominal 
aorta to rupture and cause death. 

In the second example, the multiple stomata between the true and 
false channels in the ascending portion of the aorta apparently formed 
early enough to prevent rupture into the pericardial sac, and also may 
have accounted for the murmurs heard clinically. The possibility of 
coronary insufficiency was suggested by the fact that the right coro- 
nary artery traversed the proximal portion of the sac. 

Case 3 presented a well defined, old dissection filled with thrombus 
despite recommunication with the main aortic lumen. At the point 
where the thrombus was the largest and organization the poorest, 
there occurred a new rupture and cleavage that finished encirclement 
of the aorta at the same level and also distal to the old dissection. 

The lesion in case 4 was of minor clinical importance, but never- 
theless presented positive evidence of a split through the media with 
complete healing. We regard this as a small dissecting aneurysm, not 
an incomplete rupture, although some opinions in the literature would 
support the concept of incomplete rupture with healing. The aortic 
murmur heard during life may have been related to this pocket. 

In all instances the usual concomitant clinical features of hyper- 
tension and cardiac hypertrophy were present. In 3 of the 4 cases 
microscopic evidence of medial degeneration existed. 
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DESCRIPTION OF PLATES 


PLATE 160 


Fic. 1. Case 1 (305-ma-50). Reduced from a full-size drawing illustrating the dis- 
secting aneurysm. (a) Cavity of left ventricle. (b) Anterior view of proximal 
end of old dissection, arrow to left passing along the course of the main aortic 
lumen (c). (d) False channel in ascending aorta, arch, and descending aorta. 
(In order to depict the relationships of the true and false channels at this level it 
was necessary to divide the septum between them and pull the wall to one side.) 
(e) Communication between the true and false channels far short of the distal 
end of the blind lower portion of the dissection shown at (f). (g) Mural throm- 
bus in arteriosclerotic aneurysm. (h) Point of rupture of arteriosclerotic aneu- 
rysm leading to fatal hemorrhage. (i) Aortic bifurcation. (j) Small mural 
thrombus in true channel of aorta. 
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Hunter and Lium Dissecting Aortic Aneurysm 
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PLATE 161 


Fic. 2. Case 2 (435-a-50). Reduced from a full-size drawing of the dissecting aneu- 
rysm. (a) Right atrial appendage. (b) Aneurysmal dilatation of the false chan- 
nel. (c) Communications between the true and false channels. (d) Right coro- 
nary artery traversing aneurysmal sac. (e) False channel. (f) True channel. 
(g) Coarctation of aorta. (h) Small arterial branches traversing aneurysmal sac. 
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Hunter and Lium Dissecting Aortic Aneurysm 
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PLATE 162 


3. Case 3 (A-36-52 P. San.). Reduced slightly from a natural size photograph 
of transversely cut segments of the aorta. A. Larger of the two superior defects 
with thrombotic base. B, C, and D. Selected areas from points between the 
upper and lower communications of the older aneurysm with the main lumen. 
The dark area is organizing thrombus, at either end of which is a triangular 
white zone of variable size and representing fully organized and healed throm- 
bus; the final dissection began at “A” and completed encirclement of the vessel 
as illustrated by the separation at the ends of the cuts. E. Cut from near the 
lower openings of the older dissection. These are surrounded by connective 
tissue. 


4. Case 4 (M-155-6-40). Reduced slightly from a full-size drawing of small and 
completely healed aneurysm in posterior wall of ascending aorta. There is some 
thickening and fenestration of the aortic valve cusps. Inserted at a is a drawing 
based on a microscopic section stained for elastic tissue, depicting the extension 
of fibers (black) into the flap and directly across the base of the defect to con- 
nect with elastica in the undissected aortic wall. 
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SCOLIOSIS AND DISSECTING ANEURYSM OF THE AORTA IN RATS 
FED WITH LATHYRUS ODORATUS SEEDS * 


Icnacto V. Ponseti, M.D., and A. Batrp, M.D. 
(From the Department of Orthopedic Surgery, State University of Iowa, Iowa City, Iowa) 

Epidemic lathyrism has been known to exist for many years in coun- 
tries where famines have forced the populace to consume a high per- 
centage of legumes in their diet. Humans and other animals with 
lathyrism have weakness and spasticity of the lower extremities with 
urinary and fecal incontinence. 

Stockman,’ in 1929, reported his findings of lathyrism in man and 
also in experimental animals. Geiger, Steenbock, and Parsons,? in 1933, 
noted scoliosis and hernias in white rats fed a diet containing 50 per 
cent sweet pea (Lathyrus odoratus) seed. These authors found that 
water extracts of the peas fed to rats were toxic while the extracted 
peas fed at a so per cent level were not toxic. Stockman,’ reporting in 
1934, noted that a watery extract of lathyrus peas had a toxic action on 
the brain and spinal cord. Lewis e¢ al.,* in 1948, noted spinal curva- 
tures in rats fed various species of legumes. Vivanco and Jiménez 
Diaz® have done extensive studies on the legume intoxication which 
has been seen in the past few years in Spain. They also found lame- 
ness of the hind legs, scoliosis, and periosteal ossifications in the fem- 
ora of rats fed a diet with large amounts of sweet pea meal. It had 
been suggested by Lewis that the lameness of the lower extremities 
was due to compression of the cord at the level of the kyphoscoliosis. 
Vivanco and Jiménez Diaz performed decompression laminectomies in 
the rats prior to the appearance of the scoliosis without noticeable 
effect on the lameness. They postulated that the sweetpea has a toxic 
action on the spinal cord and bone. 

It is well known that legumes are deficient in certain essential amino 
acids, particularly methionine. However, Lewis* proved that the 
lesions produced by the pea meal are not due solely to a protein de- 
ficiency. He observed that the addition of 10 per cent casein did not 
prevent or delay the onset of lathyrism in rats. 

For the past 3 years, metabolic studies of a large group of children 
with idiopathic scoliosis’ have been conducted by one of us (I.V.P.) 
with Dr. Genevieve Stearns of the Department of Pediatrics. It has 
been found that the protein metabolism is at fault in these children. 
There are many points of similarity between the roentgenologic char- 
acteristics of scoliosis in rats with lathyrism and human idiopathic 


* Received for publication, April 28, 1952. 
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scoliosis. The production of scoliosis in animals by diet afforded an ex- 
cellent opportunity for a careful histopathologic study of the cause 
and evolution of this deformity which had not been investigated by 
previous researchers. 

Sixteen 4-week-old white male rats, weighing an average of 68 gm., 
were divided into three groups containing 8, 4, and 4 animals, respec- 
tively. Group I (8 rats) was fed the following diet: 


Pea meal (ground Lathyrus odoratus) 50% 
Cornstarch 28% 
Sucrose 6% 
Salt mixture 4% 
Corn oil 2% 
Dried yeast 10% 
Halibut liver oil, plain 0.2 CC. per 100 gm. 


Group II (4 rats) was fed the above diet with the addition of 10 per 
cent casein. Group III (4 rats) was fed as group II with the addition 
of 0.75 per cent methionine. The animals were weighed and roent- 
genograms were taken under ether anesthesia every week. There were 
8 intercurrent deaths and the remaining animals were sacrificed with 
ether at intervals after the development of scoliosis. Necropsies were 
performed on all animals. 

Three rats of group II were given the stock laboratory diet at 10 
weeks of age after they had developed scoliosis. At the same time, 
casein was added to the diet of 4 rats of group I, and casein and 
methionine were added to the diet of the other 4 rats of Group I. 


ROENTGENOGRAPHIC FINDINGS 


Roentgenograms taken after 2 to 3 weeks of the pea meal diet re- 
vealed generalized demineralization of the skeleton. Shortly there- 
after periosteal new bone formation appeared, particularly at the level 
of the femoral metaphysis. Progressive bowing and deformity of the 
long bones followed the osteoporosis. During the fourth to sixth week 
of the diet, narrowing and irregularity of the contour of the inter- 
vertebral spaces became apparent at the thoracolumbar junction. This 
was shortly followed by slight forward slipping of the cephalad verte- 
bra over the caudal vertebra at the level of the intervertebral changes. 
A week later, there was collapse of two or three vertebral bodies at 
this level with resulting kyphosis. Lateral slipping and vertebral rota- 
tion occurred in from 1 to 2 weeks and a thoracolumbar kyphoscoliosis 
was then well established (Figs. 1 and 2). 

Similar changes occurred in the mid-thoracic area 2 to 3 weeks 
later, resulting in the formation of thoracic kyphoscoliosis. Costal de- 
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formity accompanied the rotation of the thoracic vertebrae. All of the 
rats developed progressive scoliosis and the severity of curvature was 
related to the duration of the ingestion of the experimental diet. A left 
thoracolumbar curve was most common. The apex of the thoracic 
curve was usually at the sixth thoracic vertebra. Well developed 
lumbar curves were observed in only 2 rats. 

The 3 rats of group II which were given the stock diet after they 
had developed scoliosis manifested a re-ossification of the skeleton in 
from 2 to 3 weeks. This was followed by straightening of the long 
bones and disappearance of periosteal new bone formations. The 
kyphoscoliosis became arrested. 


CLINICAL COURSE 


The addition of casein, and of casein and methionine to the pea 
meal diet resulted in more rapid growth, as can be seen in Text-figure 1, 


170 ; 


WEIGHT IN GRAMS 
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Text-figure 1. Comparison of rate of growth and appearance of lesions in the three 
groups of experimental animals. 


and the early growth rate of the animals in group III approached 
normal. The roentgenographic changes appeared earlier in the animals 
with more rapid gain in weight. The addition of these two substances 
in no way altered the development of the kyphoscoliosis and its ap- 
pearance at a younger age is probably due to the more rapid growth. 
This finding substantiates the presence of a toxic factor in the pea 
meal. 
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Clinically, the animals were unhealthy and did poorly. The kypho- 
scoliosis and rib cage deformities were obvious. Although they were 
allowed to eat and drink ad libitum, they became thin and listless, with 
rumpled, sparse, unkempt fur. Two rats developed paraplegia about 10 
days before death, with dragging of the hind quarters and incon- 
tinence. The remaining rats could climb on the side of the cages but 
lacked the speed and poise of healthy animals. The animals resumed 
a healthy appearance when placed on a normal diet and although the 
kyphoscoliosis persisted, they became fat, sleek, and active. 


FINDINGS 

At necropsy the significant gross findings in the sacrificed animals 
were confined to the skeleton and the aorta. The thoracic and ab- 
dominal organs appeared normal except for underdeveloped testes. 

Five rats which died spontaneously 5 to 9 weeks after being put on 
the pea meal diet had massive bilateral hemothorax. One rat from 
group II, which was given a normal diet for 15 weeks after develop- 
ment of the scoliosis, died of massive hemopericardium 1 week after 
resumption of the experimental diet. One death was due to pneumonia 
late in the experiment. One rat with severe scoliosis and emaciation 
died in the 19th week without demonstrable specific cause of death. 

The 2 rats which had paraplegia at the time of death at 19 and 24 
weeks of age demonstrated at necropsy cord compression at the site 
of the very severe thoracic kyphoscoliosis. Scar tissue was noted over 
the posterolateral aspect of the cord adherent to the dura mater at 


this site. Histopathologic Findings 


The first microscopic change noted was osteoporosis of the vertebrae 
and long bones. The epiphyseal plates appeared normal and endo- 
chondral ossification progressed in the usual orderly manner. The 
cortex of the vertebrae was very thin and the bony trabeculae were 
thin and widely separated by hematopoietic marrow. No abnormal 
amount of osteoid tissue was noted. Similar changes were observed in 
the long bones (Fig. 3). 

Extensive areas of subperiosteal new bone formation were noted in 
the metaphyseal region of the long bones. The thick and cellular 
periosteum overlay islands of richly vascular young connective tissue 
which exhibited irregular areas of intramembranous new bone. Rather 
mature new bone was seen overlying the cortex (Figs. 4 and 5). Sim- 
ilar areas of periosteal new bone formation were observed over the 
anterior aspect of some of the osteoporotic vertebrae. The new bone 
trabeculae were oriented perpendicularly to the main axis of the verte- 
brae (Fig. 6). 
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No definite early changes of the intervertebral disks could be recog- 
nized histologically. The severe osteoporosis led to collapse of the 
anterior portions of the vertebral bodies. There was an associated 
forward slipping of the cephalad vertebra which occurred in part at 
the intervertebral disk and was accentuated by the collapse of the 
caudal vertebral body. The collapse usually occurred at the antero- 
superior portion of the body, just beneath the epiphyseal plate. There 
was hypertrophy of bone at the site of the collapse suggesting at- 
tempted restitution, which did not appear to alter the progress of the 
deformity (Fig. 7). In the late stages of the scoliosis the involved 
vertebral bodies showed severe wedging and osteoporosis with no signs 
of new bone formation. Large masses of fibrous tissue were observed 
adjacent to and between the vertebrae, which in part replaced the lost 
contour of the body. The intervertebral disks showed great distortion 
and narrowing (Fig. 8). 

Striking microscopic changes were noted in the aortas of 6 of the 8 
animals which died during the experiment. There were irregular, scat- 
tered areas of medial necrosis along the thoracic aorta. The necrosis 
led to weakening of the vessel and the formation of aneurysms. There 
were extensive areas of “dissection” where the fibers of the media were 
split by the passage of blood (Fig. 9). Ultimately the blood extended 
into the adventitia with the formation of large hematomas and rupture 
into the thorax. One animal revealed a large saccular aneurysm com- 
municating with the lumen of the thoracic aorta by a wide opening 
(Fig. 11). The media ended abruptly at this point and the intima was 
not distinguishable from the lining of the aneurysm. The wall of the 
aneurysm was formed by a thick layer of laminated clot and com- 
pressed adventitial tissue. One aneurysm of the arch ruptured into 
the pericardium. No atheromatous plaques were noted. The other 
vessels of these animals did not appear unusual. 

In 7 animals of varying age, the spinal cord was obtained in toto 
by laminectomy for study with Nissl’s, Weil’s, and Masson’s stains. 
Histologic study of many levels of the cord revealed no microscopic 
changes in the cells or tracts except in the 2 rats with paraplegia. At 
the site of the severe kyphoscoliosis in these 2 animals the posterior 
funiculi and gray matter were greatly distorted (Fig. 12). The cells of 
the posterior horns at the site of the compression were largely absent 
and there was some loss of the anterior horn cells at this level. There 
was slight gliosis in the corticospinal tract, and local loss of myelin in 
all funiculi. The cord above and below this level appeared normal. The 
nerve roots were not unusual. 

Histologic sections of the abdominal and thoracic organs, except as 
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noted, were not unusual. Severe extensive bronchopneumonia was 
found in one rat. Skeletal muscles did not appear abnormal. 


SUMMARY 


White rats fed a diet containing 50 per cent Lathyrus odoratus 
seeds all developed kyphoscoliosis. The scoliosis appeared to result 
from osteoporosis and collapse of several vertebrae. Paraplegia de- 
veloped in 2 rats with very severe kyphoscoliosis and cord compression. 

Aneurysms of the thoracic aorta were seen in 6 of the 8 animals 
which died intercurrently. The aneurysms developed when the verte- 
bral deformity was still mild. 

No toxic lesions were demonstrable in the liver, kidney, or other 
organs. 

Lathyrus odoratus seeds appear to contain a toxic factor which 
affects the formation of organic bone matrix, the aorta, and possibly 
other mesodermal structures. 

We wish to thank Drs. E. D. Warner and Walter R. Ingram of the Departments 
of Pathology and Anatomy, State University of Iowa, for help in the microscopic 
material of these experiments. 
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DESCRIPTION OF PLATES 


PLATE 163 


Fic. 1. Rat IAO. Postero-anterior roentgenograms. (A). Nine weeks of age with 
generalized osteoporosis and ossification near the upper femoral metaphysis. 
(B). Eleven weeks of age with bowing and increased periosteal new bone for- 
mation in both femora. Early left thoracolumbar scoliosis. (C). Fourteen weeks 
of age showing advanced osteoporosis and bowing of the long bones. Right 
thoracic scoliosis with costal deformity. (D). Eighteen weeks of age with in- 
crease of deformities noted in C. 
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PLATE 164 


Fic. 2. Rat IAO. Right lateral roentgenograms. (A). Eleven weeks of age with 
narrowing of the intervertebral spaces at thoracolumbar junction, with forward 
slipping of T-12 on T-13. (B). Thirteen weeks of age showing advanced slip- 
ping of T-12 on T-13 with wedging of T-12 and kyphosis. Early kyphosis at 
mid-thoracic spine. (C and D). Sixteen and 18 weeks of age, respectively, with 
advanced kyphosis at mid-thoracic spine. (This rat had compression of the 
spinal cord and paraplegia. ) 
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PLATE 165 
Fic. 3. Rat IADL (sacrificed at 12 weeks of age). Photomicrograph of vertebra 
showing osteoporosis and thinning of cortex. 


Fic. 4. IBO (died of aneurysm at 11 weeks of age). .Photomicrograph of lower 
femur with periosteal new bone formation and connective tissue beneath per- 
iosteum. Endochondral bone formation appears normal. 
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PLATE 166 


Fic. 5. Rat IBO (died of aneurysm at 11 weeks of age). Higher magnification of 
periosteal new bone formation. 


Fic. 6. Rat IBDL (died of aneurysm at 13 weeks of age). Photomicrograph of lum- 
bar vertebra showing osteoporosis and periosteal new bone formation over ante- 
rior surface of the vertebral body. 
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PLATE 167 


Fic. 7. Rat IBDL (died of aneurysm of the aorta at 13 weeks of age). Photomicro- 
graph of lower thoracic vertebrae showing collapse of the anterior portion of 
two vertebral bodies and forward slipping of the cephalad vertebra which is 
at the right. 


Fic. 8. Rat IAL (sacrificed at 24 weeks of age). Photomicrograph of thoracic verte- 
brae. There is severe wedging and osteoporosis of vertebral bodies with exten- 
sive fibrous tissue replacement. The intervertebral disks are thinned and 
distorted. 
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PLATE 168 


Fic. 9. Rat IBO (died of aneurysm at 11 weeks of age; had minimal kyphoscoliosis). 
Photomicrograph of the wall of the thoracic aorta showing medial necrosis and 
separation of the fibers of the media by blood. 


Fic. 10. Rat IBO (died of aneurysm at 11 weeks of age; had minimal kyphoscolio- 
sis). High-power photomicrograph of the wall of the aorta. 
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PLATE 169 


Fic. 11. Rat IBDL (died of aneurysm at 13 weeks of age). Photomicrograph of a 
large saccular aneurysm in the thoracic aorta. 


Fic. 12. Rat IAL (sacrificed at 24 weeks of age). Photomicrograph of spinal cord 
at level of severe kyphoscoliosis, Nissl’s stain. There is compression of the 
posterolateral aspect of the cord. 
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PATHOLOGIC CHANGES IN THE GASTRIC MUCOSA OF THE RAT 
AFTER HISTAMINE ADMINISTRATION * 


PerrHan CaMBEL, M.D., and James T. Scourts, M.S. 
(From the Cancer Research Laboratory, University of Florida, Gainesville, Fla.) 

Bowie and Vineberg’ showed that while repeated vagal stimulation 
depleted the dog’s peptic cells of their zymogen conten‘. no such effect 
was obtained by hourly histamine injections over a period of 8 hours. 
Recently, Dalton? found that C;H mice receiving 0.5 mg. of histamine 
hydrochloride per gram of body weight intraperitoneally and killed 3 
hours later or after fasting 24 hours, remained unaffected according 
to electron microscopic studies. 

No histologic investigation on the rat’s peptic, parietal, and mucous 
cells during histamine administration was found in the literature. 
Therefore, a histologic and histochemical study during prolonged hista- 
mine treatment seemed of interest despite the reported resistance of 
rats to single histamine injections** in doses effective in stimulating 
gastric secretion in the dog. 


EXPERIMENTAL PROCEDURES AND METHODS 


Forty albino rats of the Sprague-Dawley-Holtzman strain of both 
sexes were used. The age of the animals at the onset of the experiment 
was about 40 days. Their average weight was 200 gm., ranging from 
165 to 240 gm. They were fed purina dog chow and supplied water ad 
libitum.+ 

An aqueous histamine dihydrochloride solution in a concentration of 
0.040 mg. per ml.’ was stored at 17° C. but allowed to stand at 25° C. 
for 3 hours prior to administration. Subcutaneous injections of 1 ml. 
were made daily into the abdominal region of each treated rat. The 
site of injection was alternated from the right to the left side of the 
abdomen. The rats were starved 36 hours and deprived of water 3 
hours prior to sacrifice by neck-stroke. The last injection was admin- 
istered 2 hours before death. 

At necropsy, three smears of the gastric secretion were made. The 
stomach was cut according to our standard procedure® for histologic 
study. 

Each of the four groups of 10 rats comprised 5 females and 5 males. 
Group I consisted of the non-treated controls; group II was injected 


* This investigation was supported by Research Grant C-976 from the National Cancer 
Institute of the National Institutes of Health, U.S. Public Health Service. 
Received for publication, June 13, 1952. 
t The local water supply is fluorinated one part to a million. 
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daily for 1 week; group III, for 2 weeks; and group IV, for 4 weeks 

(Table I). 
The smears of the gastric secretion were stained as described pre- 

viously. The stomachs were fixed and stained according to our modi- 


Taste I 
Total Doses of Histamine Dihydrochloride 


No. of Days of 
Group animals Duration of treatment treatment Histamine 
mg. 
I 10 Non-treated controls ° ©.00 
II 10 1 week 7 0.28 
III 10 2 weeks 14 0.56 
IV 10 4 weeks 28 1.12 


fication of Bowie’s method.® Stomach sections were stained also with 
hematoxylin and eosin and with van Gieson’s connective tissue stain. 


RESULTS 


Gross Findings. The weights of the rats showed variations in the 
different groups at necropsy (Table II). While in group I a slight 
decrease in weight was noticed, and the 

II 
of animals looked thinner, those of groups 
III and IV went up slowly during the first 


Group Gm. week, and later. 
I 180-225 In all experimental groups, decrease in 
II 175-220 size of the spleen, hyperplasia of Peyer’s 
Til 170-225 patches and of lymph nodes of the aortal 
IV 210-250 bifurcation, and atrophic thinning of the 


stomach wall were noted. The pancreas 
also showed atrophy and reduced consistency. These changes were 
most pronounced in group IV. 

Smears of Gastric Secretions. The results from smears of gastric 
secretions have been reported elsewhere.*’ 


HISTOLOGIC FINDINGS 
Group I (Controls) 


Zone I. Hematoxylin and Eosin Sections. The squamous epithelium 
of the esophagus and of the valvular portion of the esophageal orifice 
varied in thickness and in the number of its layers. The stratum granu- 
losum was invariably present, but varied in thickness and in the 
amount of keratohyaline granules. These ranged from fine to coarse 
granules and were sometimes clumped. In some cases slight epithelial 
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hypertrophy and acanthosis were noted. Neutrophilic polymorphonu- 
clear leukocytes were observed lying in the submucosa. 

The valvular portion of the esophageal orifice ended abruptly to give 
place to the transitional glandular epithelium from which it was sepa- 
rated by a deepening of the mucosa (Fig. 4). The same deepening was 
seen also adjacent to the “ridge.” This is a squamous epithelial fold 
separating the two main portions of the rat’s stomach, the forestomach 
which is lined with squamous cell epithelium similar to that of the 
esophagus and the glandular stomach, with the mucosal deepening be- 
tween squamous cell epithelium and transitional epithelium occasion- 
ally containing mucus and desquamated columnar cells. 

The transitional epithelium adjacent to the squamous cell epithe- 
lium was composed of only a few cells. It increased gradually in thick- 
ness toward the compound mucosa (Fig. 4). Near the ridge or valvular 
portion of the esophageal orifice it was made up mainly of columnar 
mucous cells. Among these were noted occasional cells resembling the 
intestinal goblet cells and small spherical, light-blue-staining cells. Only 
rarely could parietal cells be seen in the portion of the transitional 
epithelium adjacent to the glandular mucosa. 

The mucosa of the anterior and posterior wall of the glandular 
stomach was usually, but not continuously, covered with a thin coat of 
mucus, staining light pink. Mucus was observed occasionally in the 
upper portions of the glandular lumina. The mucous cells, which made 
up the surface epithelium in the anterior and posterior walls and the 
larger curvature, were columnar with pink-staining cytoplasm. Their 
nuclei stained light blue, while the nucleoli were dark blue. In the two 
walls the lower third of the glands was made up of peptic cells with 
parietal cells lying between them. In the median portion of the mucosa 
they dominated the picture, forming cellular strands. Single parietal 
cells could be seen between the superficial layers of mucous cells. 

In the greater curvature was found the thickest wall of the gland- 
ular stomach. Here the peptic cells took up two-thirds of the mucosa 
and the parietal cells one-third. As in the walls, the oxyntic cells were 
wedged between the pepsinogen cells, and showed the same distribu- 
tion. Neutrophilic leukocytes usually were seen in the submucosa and 
to a lesser extent in the interstitial connective tissue between the glands 
of the mucosa. 

Biebrich Scarlet-Ethyl Violet and Hematoxylin Sections. In the 
transitional epithelium an occasional small parietal cell staining scarlet 
and a few cells staining diffusely violet blue were observed.’ Here, no 
or occasional (Fig. 4) cells with pepsinogen granules were seen. The 
parietal cells in other regions were stained light scarlet and stood out 
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in sharp contrast with the dark blue peptic cells. Among the former, 
binucleation was observed occasionally. The oxyntic cells nearest the 
mucosal surface did not completely fill their spaces. Intracellular 
canaliculi were noted only in a few of the parietal cells. Some of these 
canaliculi seemed to be continuous with those of adjoining parietal 
cells and with the pericellular spaces. Others opened into the gland- 
ular lumina. The lower two-thirds of the mucosa was made up of peptic 
cells, packed densely with violet-blue-staining pepsinogen granules 
(Figs. 1 and 7). The latter masked the nuclei. The violet granules 
were less sharply outlined near the free borders of the peptic cells. 
Occasionally a scarlet parietal cell was found wedged between them. 
In a few of these oxyntic cells two to five violet-blue granules were 
present. 

The mucosa of the greater curvature showed the same composition 
as that of the anterior and posterior stomach walls. However, in the 
larger curvature the lower two-thirds of the mucosa was made up of 
peptic cells packed densely with pepsinogen granules. Here the peptic 
cells were present in largest numbers (Fig. 6). 

Zone II, Hematoxylin and Eosin Sections. The lesser curvature 
was composed mainly of mucous cells. The cellular topography of the 
gastric walls and the larger curvature was practically identical with 
that of the same regions in zone I. 

Biebrich Scarlet-Ethyl Violet and Hematoxylin Sections. The lesser 
curvature was void of cells containing violet blue granules. However, 
a few diffusely blue-staining cells were seen. Although an occasional 
scarlet parietal cell could be noted, the main components of this region 
were the mucous cells. The gastric walls and the larger curvature re- 
sembled in their cellular distribution the same regions in zone I. 

Zone III. Hematoxylin and Eosin Sections. The different regions 
corresponded in their cellular distribution to those of zone IT. 

Biebrich Scarlet-Ethyl Violet and Hematoxylin Sections. The com- 
position of the lesser curvature and the gastric walls was identical 
with the corresponding regions in zone II. However, a greater number 
of peptic cells were seen in the greater curvature of this zone as com- 
pared to zones I and II. These cells were packed even more densely 
with dark blue pepsinogen granules which masked the nuclei and gave 
the cells a dark blue color. The density of the granules, therefore, was 
markedly greater than in zones I and II. 


Group II (1 Week Histamine-Treated Animals) 


Zone I. Hematoxylin and Eosin Sections. The cells of the transi- 
tional epithelium varied in staining properties. Those nearest the mus- 
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cularis mucosae were basophilic, while those of the surface of the 
mucosa were eosinophilic. Cells resembling goblet cells and filled with 
non-staining mucus seemed to be present in slightly increased number 
as compared with the controls. The surface mucus stained darker pink 
than in the controls. Here, also, only a few parietal cells were noted. 
In the walls a decrease in peptic cells and an increase in parietal cells 
were observed. In the depths of the folds, however, no such changes 
could be noted. The parietal cells filled out their spaces, were increased 
in size, and had a bloated appearance. This was accompanied by in- 
creased eosinophilia. The greater curvature had no mucous coat. The 
parietal cells were swollen and markedly eosinophilic. No change in 
the peptic cells could be detected. 

Biebrich Scarlet-Ethyl Violet and Hematoxylin Sections. In the 
transitional epithelium a few cells staining diffusely blue were ob- 
served. In the walls parietal cells were increased while the peptic cells 
in the lower third of the epithelium showed a decrease in number and 
in the density of their granules. The distribution of the cells was not 
changed in the depths of the folds. In the greater curvature the peptic 
cells showed a decrease in number and in density of granules. The 
rows of scarlet parietal cells made up all of the median portion and 
parts of the lower portion of the mucosa. These cells were markedly 
increased in size. Only a few rows of violet-blue peptic cells contrasted 
sharply with the increased oxyntic cell strands. 

Zone II. Hematoxylin and Eosin Sections. In the lesser curvature 
the mucous cells seemed to have lost their cohesiveness. Less mucous 
secretion was present. Here, also, the mucus stained a deeper pink. 
It contained cellular débris, many free nuclei, and lined the mucosal 
surface only intermittently. The cell nuclei were less distinct and no 
peptic or parietal cells were present. The gastric walls showed a de- 
crease in mucous cells, with an increased number of parietal cells 
throughout the epithelium. They had replaced the correspondingly 
decreased peptic cells in the lower third of the mucosa. 

Biebrich Scarlet-Ethyl Violet and Hematoxylin Sections. No peptic 
cells were seen in the lesser curvature. The gastric walls and the greater 
curvature showed decreased pepsinogen granules and peptic cells. 

Zone III. Hematoxylin and Eosin Sections. The histologic pictures 
of the lesser curvature and gastric walls were identical with those of 
the corresponding regions in zone II. The greater curvature, however, 
showed that the parietal cells had increased to dominate the upper half 
of the mucosa. With equal numbers of peptic cells they made up the 
lower half of the mucosa. 

Biebrich Scarlet-Ethyl Violet and Hematoxylin Sections. The histo- 


r, 
1e 

ir 
se 
al 

1- 
ic 

25 
S. 

n. 

n : 
1e 
of 
ic 
re 

1e 
th 

or 
r, 

al 
n 
e- 

1S 
n- 
al 
er 
n- 
ly 

ve 


1084 CAMBEL AND SGOURIS 


logic pictures of the lesser curvature and gastric walls were identical 
with those of the corresponding regions in zone II. In the greater 
curvature the peptic cell distribution was limited to the lower half of 
the mucosa. Here, they were partially replaced by parietal cells. The 
peptic cells were lighter violet due to the decrease in pepsinogen gran- 
ules. Increased leukocytes were observed in the interstitial connective 
tissue between the glands near the mucosal surface. The mucous cells 
in this region had lost their cohesiveness. Desquamated cells were 
— Group III (2-Weeks Histamine-Treated Rats) 

Zone I. Hematoxylin and Eosin Sections. No mucus was noted on 
the mucosal surface of the lesser curvature. Shed cells were increased 
as compared with the control rats. The glandular lumina were enlarged 
and lined by increased cuboidal mucous cells, which seemed to replace 
the shed columnar cells in the mucosa. Leukocytes were increased 
markedly in the interstitial connective tissue near the mucosal surface. 
The larger curvature and both gastric walls showed almost the same 
histologic picture. Many desquamated cells, free pyknotic nuclei, and 
nuclear contours in the cellular débris on the mucosal surface were 
indications of cellular destruction and shedding. Very little surface 
mucus was observed. The mucous cell layer in the anterior and poste- 
rior walls was decreased in thickness. Only few mucous cells were seen 
adjacent to the muscularis mucosae. Many parietal cells were seen 
near and at the mucosal surface. However, they were small (5 ») and 
did not fill their spaces, while those in the lower mucosal portions were 
large and bloated (15 to 20 w). At first sight, the parietal cells seemed 
markedly increased in all portions of the mucosa. This apparent in- 
crease, however, seemed partly due to their bloated state. Thus, in the 
lower third of the mucosa, they took up equal space with the peptic 
cells, which were actually present in large numbers (Fig. 2). An increase 
in leukocytes in the interstitial connective tissue was seen in the upper 
half of the epithelium. 

Biebrich Scarlet-Ethyl Violet and Hematoxylin Sections. Although 
the lesser curvature contained no peptic cells with pepsinogen gran- 
ules, cells with a diffuse blue color were present. The walls of the 
stomach showed a decrease in peptic cells and-in their pepsinogen 
granules. The nuclei were more evident because the fewer pepsinogen 
granules were not able to mask them as in the other sections. Bloated 
parietal cells partly replaced the peptic cells. In the upper and mid- 
portions of the mucosa the parietal cells dominated the picture. Both 
cell types were represented in the lower mucosal portion. The parietal 
cells appeared to press upon the peptic cells because of their bloating. 
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Thus, the latter appeared in thin strands. The peptic cells of the larger 
curvature, which were normally densely distributed in the lower two- 
thirds of the mucosa, made up only one-half of the epithelium. Pep- 
sinogen granules were markedly decreased so that some nuclei were 
not masked by them. Here also, parietal cells were replacing peptic 
cells. Binucleation of parietal cells and some mitotic figures were seen 
here, but they were found in equal numbers in the controls. 

Zone II. Hematoxylin and Eosin Sections. The lesser curvature 
showed a thin, non-continuous, dark pink mucous coat. Marked des- 
quamation was seen in the lateral areas, with little or no mucus pres- 
ent. Parietal cells were present in large numbers under and between 
the few surface mucous cells. The lower half of the mucosa was made 
up of parietal and peptic cells showing the same characteristics as in 
zone I. However, a new feature was that the glandular lumina were 
slightly enlarged. Due to the great amount of desquamation, the 
greater curvature showed a decrease in mucous cells. No mucous layer 
was covering the surface here. Again the parietal cells had replaced 
the decreased peptic cells in the lower half of the mucosa. 

Zone III. Hematoxylin and Eosin Sections. The lesser curvature 
showed a marked decrease in the surface mucus. The mucous cells 
lining the lumina showed vacuoles of unstained mucus. They resembled 
goblet cells. The gastric walls and the greater curvature showed the 
same histologic features as in zone II. 


Group IV (4-Weeks Histamine-Treated Rats) 


Zone I. Hematoxylin and Eosin Sections. The same changes in the 
cellular distribution were observed as described in the 2-weeks-hista- 
mine treated rats. However, they were more marked. Furthermore, 
mucous cells in the lesser curvature contained non-staining mucous 
vacuoles so these cells simulated goblet cells (Fig. 4). In group III 
this change was observed only in zone III. The changes in the gastric 
walls and the larger curvature were more marked than in zone III of 
group III, because the peptic cells now made up only one-half of the 
lower half of the mucosa. No surface mucus was present in any re- 
gion. An increased number of neutrophilic leukocytes was discernible 
in the interstitial connective tissue. 

Biebrich Scarlet-Ethyl Violet and Hematoxylin Sections. The 
changes were the same as those observed in the hematoxylin and eosin 
sections. The contrasting quality of the stain made them stand out 
more markedly. In the gastric walls and the greater curvature the 
zymogen granules in the peptic cells had decreased to such an extent 
that the cells appeared light violet (Fig. 3). In the greater curvature 
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the decrease in number of the peptic cells was the most marked (Figs. 
3 and 5). 

Zone II. Sections stained with hematoxylin and eosin and the Bie- 
brich scarlet-ethyl violet stain showed the same changes as those ob- 
served in zone I. The goblet-like cells lining the surface of the lesser 
curvature were in greater numbers than had been observed before. The 
glandular lumina had enlarged. 

Zone III. The histologic picture of the lesser curvature was identi- 
cal with that of zone II with both stains. The peptic cells present in the 
lower portion of the mucosa were even less abundant. In sections 
stained by van Gieson’s method no special features were noted. 


DISCUSSION 


The Effect of Histamine on Parietal Cells and Hydrochloric 
Acid Secretion 


A progressive thickening of the gastric mucosa due to an increase 
in the size and number of the parietal cells, some of which contained 
a few pepsinogen granules, was observed in histamine-treated rats. 
The intracellular canaliculi stood out conspicuously. In the 4-weeks 
histamine-treated rats enlarged parietal cells often replaced peptic 
cells, which were much decreased in number and were also compressed 
by them. These histologic findings indicated a stimulating effect of 
histamine on the parietal cells, comparable to that observed by Cox 
and Barnes® in the guinea-pig. These authors believed that the increase 
in the parietal cells represented a response to stimulation of function. 
They concluded that this response was a true experimental hyper- 
plasia of the gastric mucosa. They failed to recognize partially granu- 
lated peptic cells. This, probably, was due to the use of the Giemsa 
stain instead of a histochemical method which would demonstrate 
zymogen granules.” However, several authors** have maintained the 
concept of histamine resistance in the rat. While searching the litera- 
ture, an article by Voss® attracted our attention. This article, which 
appeared in 1938, has been largely overlooked. It gave experimental 
proof that the so-called histamine resistance of the rat is only relative. 
One of the reasons for the discrepancy between Voss’s results and ours, 
and the literature cited above,®* may lie in the fact that we, like Voss, 
did not anesthetize our rats and so avoided a possible inhibitory effect 
on the histamine stimulation of gastric secretion. Another reason for 
the discrepancy may be the difference in the modes of administration. 
While Voss® and we used repeated administration over prolonged 
periods, the other workers used either single injections** or a short 
period of administration.’ 


we 
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A sex difference in the response of the rat’s parietal cells to hista- 
mine was not observed, in harmony with the results of Cox and 
Barnes® in the guinea-pig. 

It is concluded from our experimental results that the unanesthe- 
tized albino rat can respond to repeated, prolonged histamine injec- 
tions with parietal cell hyperplasia. This is accompanied by widening 
of the intracellular canaliculi which may be morphologic evidence of 
stimulated acid secretion. 


The Histamine Effect on Pepsinogen Cells and Pepsin Secretion 


The peptic cells were gradually depleted of zymogen granules. They 
also decreased in number and size. The latter was due to the compres- 
sion exerted upon them by parietal cells which had increased in num- 
ber and size. No sex difference in this response of the peptic cells was 
noted. 

No histochemical alterations of the peptic cells were observed by 
Bowie and Vineberg’ in their histamine-treated dogs. The difference 
between our results and theirs may be due not only to the different 
modes of administration, but also to biochemical difference between 
the two species. Popielski’® established a species difference in regard 
to the histamine response in the human and the dog, the human being 
less sensitive than the canine. Northrop’s™ finding of a different 
molecular configuration in the protein structure of pepsin of different 
species lends support to this view. Therefore, it may be postulated that 
histamine may affect differently pepsin molecules of different structure. 

Bucher, Ivy, and Gray” and later Bucher’ observed that histamine 
stimulated the peptic cells and increased pepsin secretion in dogs with 
vagotomized entire stomach pouches. Toby** found that histamine 
caused an abundant secretion of pepsin in the human stomach. On 
the other hand Alley,’ working with Pavlov pouched dogs, showed 
that histamine had an inhibitory action on the peptic cells. 

The findings of Gilman and Cowgill’® in pouched dogs seem to ex- 
plain the discrepancy between the results of Toby** and Alley.”* Ac- 
cording to Gilman and Cowgill,’ an initial rise in the pepsin of the 
gastric juice followed histamine administration. After this transitory 
stimulation the total pepsin fell rapidly. We assume that the decrease 
of the zymogen granules in the peptic cells of the rat may be attributed 
to an inhibitory action on zymogen production after increased pepsin 
output. The pressure exerted by the bloated parietal cells on the peptic 
cells may, on the other hand, have caused a mechanical inhibition of 
the zymogen production. Correlated morphologic and physiologic 
studies are necessary to throw more light on these mechanisms. 
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The Histamine Effect on the Mucous Cells and the Mucous Secretion 


In the 1-week histamine-treated rats a dark-staining, thick surface 
mucus was observed. In the experimental groups treated longer than 
1 week, surface mucus was either decreased or absent. The intercellu- 
lar cement of the mucous cells was loosened. Pronounced exfoliation 
of columnar cells was observed as evidenced by the presence of colum- 
nar cells among the cellular débris on the mucosal surface. Large 
areas, particularly in the larger and lesser curvatures, showed dark- 
staining regenerated columnar and cuboidal cells partly replacing the 
exfoliating mucous cells. Most of these, in the 4-weeks treated rats, 
contained non-staining mucous vacuoles. Thereby, they resembled the 
intestinal goblet cells. These goblet-like cells may be compared with 
the intestinalization of the gastric mucosa described by Howes."* This 
author advanced the hypothesis “that whenever intestinalized epithe- 
lium is found in areas where combined epithelium (acid, pepsin, and 
mucous-secreting cells) ordinarily exists, injury must have occurred.” 
Cox*® considered “metaplasia of the epithelium to form intestinal- 
type glands” as one of the criteria in the identification of chronic 
gastritis. He graded the process as mild, moderate, or severe. Point- 
ing out that chronic atrophic gastritis is not a single morbid entity, 
Cox stated that “the possible relationship [of chronic atrophic gastritis 
to gastric carcinoma] should be investigated further, giving attention 
to possible differences in the type of gastritis which is found in asso- 
ciation with gastric carcinoma.” 

The occasional presence of goblet-like cells in the transitional epi- 
thelium and in the simple mucosa of the lesser curvature of the control 
rats was observed in this and another investigation.*® The natural 
occurrence of such cells and their increase in the same regions under 
histamine treatment can be considered a manifestation of the inherent, 
often latent potency of the gastric mucosa to form epithelium resem- 
bling the intestinal type. Partial intestinalization of the simple epi- 
thelium in the lesser curvature and of the combined epithelium in the 
larger curvature can be interpreted as metaplastic regeneration in 
histamine injured areas. This change was accompanied by increase in 
number and size of the parietal cells and a depletion of the zymogen 
granules. It is concluded that the alterations found in the rat’s gastric 
mucosa after histamine treatment can be designated as regenerative, 
hypertrophic, metaplastic gastritis accompanied by zymogen depletion. 

No sex difference was noted. 
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SUMMARY 


Prolonged administration of histamine dihydrochloride increased the 
width of the compound gastric mucosa of the unanesthetized albino 
rat. This was due to increase in number and size of the parietal cells. 
Simultaneously, a gradual decrease in surface mucus, exfoliation of the 
mucous cells, and a gradual depletion of the zymogen content of the 
peptic cells were observed. The depletion increased with the length of 
treatment. A partial intestinalization was observed in the 4-weeks 
histamine-treated rats. 

It is concluded, therefore, that repeated and prolonged histamine 
administration causes parietal cell hyperplasia, depletion of the zymo- 
gen content, and finally partial intestinalization. These findings are 
experimental and provide histologic evidence favoring our opinion 
that, contrary to maintained views, the rat is only relatively resistant 
to histamine. The alterations produced by histamine in the mucosa can 
be designated as a hypertrophic, metaplastic gastritis accompanied by 
regeneration, decrease of surface mucus, and zymogen depletion. 
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DESCRIPTION OF PLATES 


PLATE 170 


Gastric mucosa showing gradual depletion of pepsinogen granules. All figures pre- 
pared following modified Bowie’s staining method. X 125. 


Fic. 1. In non-treated rat. 
Fic. 2. After 2 weeks of treatment. 


Fic. 3. After 4 weeks of treatment. 
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Cambel and Sgouris Gastric Mucosa of Rat after Histamine 
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PLATE 171 


Fic. 4. Transitional epithelium with occasional pepsinogen cells indicated by arrows 
(non-treated rat). X 125. 


Fic. 5. Transitional epithelium devoid of pepsinogen cells (4 weeks histamine- 
treated rat). X 125. 


Fic. 6. Pepsinogen cells near larger curvature stained with modified Bowie’s method. 


Fic. 7. Simple mucosa of small curvature showing dominance of goblet-like cells in 
4 weeks histamine-treated rat (intestinalization). 125. 
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GIANT CELL MYOCARDITIS * 
B. H. Kean, M.D.,7 and Marx T. Hoexenca, M.D.f 
(From the Board of Health Laboratory, Gorgas Hospital, Ancon, Canal Zone) 

The first description of granulomatous, giant cell myocarditis, ap- 
parently unassociated with tuberculosis, syphilis, or other demon- 
strable cause, was made in 1905 by Saltykow.’ Since then, additional 
reports of this lesion have been published infrequently.2™* In one of 
the more complete studies Jonas® recorded 5 typical cases, in all of 
which the myocardium and other tissues were involved by a granulom- 
atous process characterized by tubercle-like foci with giant cells, 
necrosis, and mononuclear cell infiltration. In Magner’s’® report, too, 
giant cells were prominent among the mononuclear cells and prolifer- 
ating fibroblasts in the myocardium. Saphir,” in his excellent review 
of the entire subject of myocarditis, made a necessary distinction be- 
tween myocarditis with granulomatous lesions and myocarditis with 
a diffuse inflammatory reaction (also referred to as Fiedler’s myo- 
carditis and diffuse interstitial myocarditis). In some of the granulom- 
atous cases to which he referred, giant cells were found; in others they 
were absent. 

It is the purpose of this paper to present data on 2 patients with 
giant cell myocarditis who were necropsied at the Board of Health 
Laboratory, Gorgas Hospital, Ancon, Panama Canal Zone. 


Case 1 


A 35-year-old male mestizo suddenly became dizzy while at work, toppled over 
unconscious, and a few minutes later was pronounced dead. His previous medical 
history was entirely unknown. He was well developed and well nourished. 


A complete study, including examinations of the brain and histologic 
sections of all organs, was done. Significant abnormalities were limited 
to the heart, aorta, and mediastinal lymph nodes. 


Heart 


Gross Examination. The heart weighed 235 gm. There was no excess 
pericardial fluid. The epicardium was smooth and shiny and contained 
little fat. The myocardium had an extraordinary appearance. Within 
the left ventricular wall and within the interventricular septum there 

* Received for publication, June 14, 1952. 
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were numerous areas in which the normal red and brown parenchyma 
was replaced by firm, almost hard, gray tissue which was gritty when 
cut. These areas, interpreted as zones of fibrosis, were most prominent 
just beneath the epicardium on the anterior portion of the left ven- 
tricular wall. Several such patches measured approximately 1.0 by 1.0 
by 0.5 cm.; others were as large as 3.0 cm. in their greatest dimen- 
sion. The fibrosis was also extensive in the interventricular septum and 
in the left ventricular wall close to the base of the heart. No areas of 
softening suggestive of recent infarct were seen. No mural thrombi 
were encountered. The endocardium was smooth and glistening and 
no verrucae were present. The valve leaflets were delicate and ap- 
peared to be competent. The free edges of the aortic cusps were not 
thickened or rolled. The ostia of the coronary arteries were wide and 
patent. Both the right and left coronary arteries were moderately 
arteriosclerotic. The circumflex branch of the left coronary artery was 
small and the lumen was narrowed. The proximal first centimeter of 
the anterior descending branch showed moderate atherosclerosis with 
50 per cent of the lumen occluded; the lumen of the remainder of this 
vessel was completely occluded by sclerosis and fibrosis. No recent 
thrombus was seen. The following were the valvular circumferences: 
aortic, 5.5 cm.; mitral, 10.0 cm.; tricuspid, 11.5 cm.; pulmonary, 7.0 
cm. The right ventricular wall measured 0.4 cm. in thickness; the left 
ventricular wall measured 1.0 to 1.8 cm.; and the interventricular 
septum averaged 1.5 cm. 

Microscopic Examination. Within the myocardium microscopic ex- 
amination revealed large, diffuse and focal areas in which the muscle 
fibers had been completely replaced by fibrous tissue, some of which, 
in turn, had undergone hyaline degeneration. This fibrous tissue was 
extensively infiltrated with small round cells and with giant cells scat- 
tered in an apparently indiscriminate fashion (Fig. 1). The giant cells 
exhibited marked variation in size, shape, and appearance (Fig. 2). 
Many were small with relatively little eosinophilic cytoplasm and a 
few nuclei. Others were somewhat larger and resembled the Langhans 
giant cell. Still others were huge, with abundant eosinophilic cyto- 
plasm and as many as one hundred nuclei. A few intracytoplasmic 
inclusions and asters were found in these giant cells but no cytoplasmic 
striations were demonstrated (Fig. 3). No areas of caseation necrosis 
were present. The large areas of fibrosis were found in sections from 
all portions of the heart, but were most numerous in the left ventric- 
ular wall and the interventricular septum. They were confined largely 
to the myocardium but in some zones had extended to the endocardium 
and epicardium. Sections stained with a modified Ziehl-Neelsen tech- 
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nic did not reveal acid-fast bacilli on prolonged search. Sections 
stained by a modified Levaditi technic were negative for spirochetes 
(controls were positive). No parasites were found. No Aschoff 
nodules were seen. The endocardium for the most part was thin, and 
showed no leukocytic infiltration. No verrucae were present. Lesions 
of the valves were not demonstrated. 

Several sections of the two branches of the left coronary artery were 
essentially similar. The usual markings between adventitia and the 
muscle layers of the vessels were absent, and the adventitia and media 
were both replaced by fibrous tissue of the non-elastic variety which 
had undergone extensive hyalinization. The lumina of the vessels were 
markedly narrowed by atherosclerosis and by fibrous thickening of 
the wall. True proliferative endarteritis was not seen. In the connec- 
tive tissue surrounding the adventitia there were several giant cells. 
In the media and adventitia were numerous pigment-filled macrophages. 
A few smaller vessels adjoining the larger ones were completely 
thrombosed, and fibrosis and hyalinization had occurred subsequently. 
Recent thrombi were not recognized. In one section taken from the 
smaller anterior descending branch of the left coronary artery the 
lumen had been converted into a narrow slit; the wall was composed 
of a thick mass of hyalinized connective tissue. A section of the peri- 
cardium revealed a normal lining composed of flattened mesothelial 
cells. In the underlying connective tissue there were found a few col- 
lections of small round cells and several giant cells of the type already 
described. These giant cells were distributed in an indiscriminate 
fashion, and bore no relation to tubercles. 


Aorta 


Gross Examination. Slight atherosclerosis, most prominent in the 
abdominal portion, was present in the aorta grossly. No longitudinal 
wrinkling of the ascending portion was noted. Within the adventitia of 
the ascending and upper thoracic portions of the aorta and in peri- 
tracheal and peri-esophageal connective tissue were a score or two of 
tiny, firm white nodules averaging 0.1 to 0.2 cm. in diameter. No 
similar nodules were found in any other organs. 

Microscopic Examination. The peculiar white nodules noted grossly 
along the adventitia of the aorta and higher in the peritracheal region 
consisted of nests of compact connective tissue in which were scattered 
large giant cells similar to those described in the heart. Within these 
nests of connective tissue and around the giant cells were several dif- 
fuse and focal collections of small round cells. No areas of caseation 
necrosis and no gummas were seen. 
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Lymph Nodes 


Within the parenchyma of the peritracheal and peribronchial lymph 
nodes were large areas of caseation necrosis, most of which were sur- 
rounded by fibrous tissue. An occasional giant cell of the Langhans 
type was noted in the outskirts of the zones of necrosis. These giant 
cells were neither numerous nor prominent. Much of the intervening 
parenchyma had undergone fibrosis. Anthracosis was moderate. No 
acid-fast bacilli were found in sections stained by a modified Ziehl- 
Neelsen technic. 

Anatomical Diagnoses 


Chronic granulomatous giant cell myocarditis, extensive; coronary 
arteriosclerosis with occlusion of anterior descending branch of left 
coronary artery; giant cell granulomas, small, of adventitia of aorta 
and peritracheal and peri-esophageal fascia; caseation necrosis of 
peritracheal and peribronchial lymph nodes; general arteriosclerosis, 
moderate; subarachnoid hemorrhages, small, diffuse, terminal; hemor- 
rhages of brain, small, terminal; hydronephrosis, left kidney; focal 
fibrosis of kidney, probably due to nephrosclerosis; varicosities, throm- 
bosis, phlebitis, and edema of left leg; hemorrhages into peri-adrenal 
fat, terminal; hyperpigmentation and scars of left leg; scar of penis, 
old, healed. 

Cause of Death. Chronic granulomatous myocarditis, giant cell 


t 
ype Case 2* 


A 57-year-old white female died suddenly. Information received from Panama 
Hospital, Panama City, indicated the cause of death to be “heart block, sino-auricular 
standstill, Adams-Stokes syndrome.” The Adams-Stokes syndrome had first mani- 
fested itself 1 month previously. Other than this, her previous medical history was 
unknown. Electrocardiogram was not available. 

A complete necropsy, including examination of brain and histologic 
sections of all organs, was done. 


Heart 


Gross Examination. There was no excess pericardial fluid upon 
gross examination. The heart weighed 340 gm.; the enlargement was 
predominantly left ventricular. The epicardium contained a normal 
amount of fat. In the interventricular septum, visible both from the 
left ventricle and the right ventricle since it involved the entire thick- 
ness of the septum, was a firm, yellowish gray scar measuring 5.0 by 
3.0 cm. This area extended upward to involve the unprotected space 
as a yellow fibrosed plaque which reached the base of the aortic valve. 


* Necropsy performed by Dr. Wray J. Tomlinson. 
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In the right ventricle the lesion started just below and external to the 
pulmonary valve, extending under the posterior cusp of the tricuspid 
valve. The chambers of the heart were of average size. The valve 
leaflets were competent; some showed moderate sclerosis but no ulcer- 
ations or vegetations were present. The circumferences of the valves 
were: tricuspid, 12.0 cm.; pulmonary, 8.0 cm.; mitral, 10.5 cm.; and 
aortic, 8.0 cm. The left ventricular wall measured 1.7 cm. in thickness, 
the interventricular septum 1.2 cm., and the right ventricular wall 
0.5 cm. 

The coronary vessels were tortuous and palpable as sclerotic cords 
over the surface of the heart. Dissection revealed a complete old oc- 
clusion of the circumflex branch of the left coronary artery 5.0 cm. from 
its origin. There was considerable myocardial scarring in this area. 
The other coronary vessels showed moderate arteriosclerosis but no 
other complete occlusions were seen. The sino-auricular node could 
not be demonstrated grossly; there was no notable scarring in its 
usual anatomical site. 

The aorta showed moderate atherosclerosis but otherwise was not 
remarkable. The pulmonary artery was normal. 

Microscopic Examination. Microscopically, the myocardial fibers of 
the interventricular septum were replaced by granulomatous tissue in 
which were scattered monocytes, lymphocytes, epithelioid cells, and 
giant cells. The cells were often arranged in tubercle formation but no 
areas of caseation necrosis were found. Some calcific deposits were 
present. Although the process was most widespread in the interven- 
tricular septum, similar patches were seen in other portions of the 
myocardium, especially in the left ventricular wall (Fig. 4). The myo- 
cardial fibers adjacent to such involved areas showed moderate lipo- 
chrome deposition at the poles of the nuclei; some fibers were 
fragmented. The giant cells were of the foreign type; some, however, 
resembled Langhans cells. Sections stained by several methods were 
negative for tubercle bacilli, spirochetes, other bacteria, and parasites. 

The coronary arteries showed moderate arteriosclerosis. The walls 
of the smaller arteries were infiltrated with plasma cells, mononuclear 
cells, and eosinophils. In the peri-adventitial tissues were collections of 
epithelioid cells and giant cells. The impression was gathered that the 
patches of fibrosis followed to some extent the distribution of the small 
coronary arteries. 

Anatomical Diagnoses 

Chronic granulomatous myocarditis, giant cell type; fibrosis of 
bundle of His; early bronchopneumonia, bilateral; generalized arterio- 
sclerosis; congenital polycystic kidneys; arteriolar nephrosclerosis; 
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chronic passive congestion of liver and spleen; congenital cysts of 
liver; adrenal adenoma. 

Cause of Death. Chronic granulomatous myocarditis, giant cell 
DISCUSSION 

Sudden death was a feature of these 2 cases; in this respect they 
resemble the previously reported instances of giant cell myocarditis, 
in all of which there has been either rapidly progressive myocardial fail- 
ure or sudden death. The predominant involvement of the left ventricular 
wall and of the interventricular septum was noted also in some of the 
previous reports, although extensive involvement of the myocardium 
of both auricles and ventricles apparently occurs almost as commonly. 

A discussion of this unusual type of myocarditis resolves itself 
around a consideration of possible etiologic factors. Tuberculosis is 
perhaps the first to suggest itself, and cannot be definitely excluded. 
Sarcoid is certainly a possibility.’* Syphilis is less probable. (Serologic 
reactions for this disease were negative on post-mortem blood speci- 
mens of both patients. Spirochetes could not be found. The aorta was 
uninvolved in both cases.) Parasitic involvement by Schizotrypanum 
cruzi (Chagas’ disease) was excluded. 

Other diseases which might be considered but which do not conform 
to the pathologic picture described include giant cell sarcoma of the 
myocardium, rheumatic fever, periarteritis nodosa, lupus erythema- 
tosus, blastomycosis (Baker and Brian’*), and tularemia (Lillie™). 

In view of the distribution of the lesions and the involvement of the 
arteries there is a possibility that the process represents a peculiar 
reaction to coronary arterial disease. 


SUMMARY 


In two instances of sudden death the histologic features of giant cell 
myocarditis were found. There was no caseous necrosis. Appropriate 
examinations for the demonstration of infective causal agents gave 
negative results. 

The suggestion is made (on rather inadequate evidence) that giant 
cell myocarditis may represent a peculiar reaction to coronary arterial 
disease. 
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DESCRIPTION OF PLATES 


PLATE 172 


Fic.1. Case 1. Section of interventricular septum showing fibrosis, infiltration of 
lymphocytes, and many giant cells. X 60. 


Fic. 2. Case x. Section of left ventricular wall showing types of giant cells. X 60. 
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PLATE 173 
Fic. 3. Case 1. Aster, star-shaped inclusion body in this giant cell. X 450. 


Fic. 4. Case 2. Patches of giant cell myocarditis in left ventricular wall. X 60. 
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CALCIFICATION IN INTRACRANIAL NEOPLASMS * 


FRANKLIN Martin, Jr., M.D., and Litoyp J. LEmmen, M.D. 

(From the Laboratory of Neuropathology of the Neuropsychiatric Institute, the Depart- 
ment of Pathology, and the Section of Neurological Surgery of the Department of 
Surgery, University of Michigan, Ann Arbor, Mich.) 

This study of the histopathologic patterns of calcification was under- 
taken to provide a basis for the interpretation of the roentgenographic 
appearance of the shadows cast by these deposits, since the presence 
of calcium salts in intracranial neoplasms affords an accurate localiza- 
tion of such lesions in routine roentgenograms. 


MATERIAL AND METHODS 


The histologically verified intracranial tumors of all types treated 
in the Department of Surgery during the period 1930-1950 were re- 
viewed. The series consisted of 1577 neoplasms. 

Our classification of the material generally follows that of Bailey 
and Cushing,’ except that spongioblastoma polare has been grouped 
with the astroblastomas. For purposes of comparison with the series 
of other authors an attempt was made also to regroup the tumors 
within the concept of gliomas introduced by Kernohan.?* 

In cases difficult to classify, additional sections and special stains 
were used. The stains were hematoxylin and eosin, Mallory’s phospho- 
tungstic acid hematoxylin, Heidenhain’s azan, Nissl’s azure eosin, 
Perdrau’s, and in the more recent material, Hortega’s silver carbonate 
methods. 

Gross morphology is not reviewed in this report as it has been con- 
sidered by others.** 


HistToLocic PATTERNS OF CALCIFICATION 


For the sake of classification, calcium deposits were grouped accord- 
ing to the occurrence of the dominant histologic pattern, and were 
divided into four types. 

Pattern I. The type of calcification most frequently encountered 
occurred within blood vessel walls. This form, designated as pattern I, 
shows small globules or calcospherites within the adventitia or media 
of the smaller vessels and the endothelium of capillaries. In early 
stages these calcospherites appear as spherical or coalesced globules 
marking the course of the involved vessel. In more advanced stages 
the vessels are entirely calcified, have no lumina, and appear as solid 
cylinders (Figs. 1 to 4). In larger vessels, the calcium deposits appear 


* Received for publication, February 26, 1952. 
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as small, spherical globules within the media. Coalescence of these 
globules in later stages converts the vessel into a rigid tube which 
appears in cross section as a ring of calcium.* 

Pattern II. When the changes described as pattern I involve adja- 
cent blood vessels whose zones of necrosis overlap (Fig. 13), concen- 
tric layers of calcium marking the former site of each vessel result in 
a conglomerate mass of calcium. This is designated as pattern II. It 
superficially resembles pattern III. 

Pattern III. In pattern III calcium salts are deposited in an area 
of old hemorrhage or necrosis. A solid layer of calcium having irregu- 
lar borders and no discernible vascular pattern is seen (Figs. 7 and 8). 

Pattern IV. Pattern IV consists of several types: (a) globules of 
calcium as seen within tumor cells (Figs. 15 and 16), (b) calcific 
changes within the stroma of a tumor or its capsule (Figs. 9 to 11), 
(c) calcific changes at the periphery of a tumor, but not related to 
types (a) or (b). Under certain conditions, as, for instance, the pres- 
ence of psammoma bodies, it was not always possible to determine 
whether the calcification occurred within blood vessel walls or within 
tumor elements. 


PATHOGENESIS OF CALCIFICATION 


Chemical studies were not undertaken. Fully developed calcifica- 
tion gives no indication as to its origin, but many stages of the de- 
velopment of calcified areas were observed. In patterns I and II, 
uninvolved vessels in the vicinity of those calcified showed swelling 
and hyalinization of their walls. By the time calcium droplets could 
be seen, nuclear structure was no longer observed. It thus appeared 
that necrosis was associated with the deposition of calcium, at least 
in some of the vessels. 

The antecedent necrosis in pattern III was often evident even after 
calcification was advanced. Ischemic or hemorrhagic infarction ap- 
peared to be the basis of the necrosis. In pattern IV, psammoma 
bodies were frequently associated with hyalinization and calcified cells 
were obviously non-viable. The earlier stages of these types were not 
observed. An explanation for the interstitial calcium deposits was not 


apparent. 
INCIDENCE OF CALCIFICATION 


On histologic examination, calcification was found in 207 or 13.1 
per cent of 1577 intracranial tumors. Pattern I was most common 
and occurred 93 times with the highest incidence in the oligodendro- 
gliomas (15 of 34 cases). Pattern IV was seen in 85 tumors, chiefly 
craniopharyngiomas (39 of 58 cases). Pattern III was present in 20 
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tumors of which 5 were ependymomas (5 of 55 ependymomas). Pat- 
tern II was least often represented, occurring only 9 times in the series, 
with a tendency to be associated with glioblastoma multiforme. These 
figures, however, are not statistically significant (Tables I and II). 


LocaTION oF CaLctum DEPosITs 
Tumors of the Cerebral Hemispheres 


Supratentorial gliomas of the cerebral hemispheres showed calcium 
deposits in 12.5 per cent, the incidence varying with the tumor type, 
being highest in the oligodendrogliomas (53 per cent) and high, also, 
in the ependymomas (32.2 per cent). The most common type of cal- 
cification was pattern I, which occurred most frequently in oligodendro- 
gliomas (Fig. 2 and Table I). In the category of neuroblastic tumors, 
which include the neurocytomas and neuroblastomas, calcification was 
seen in 3 of 7 cases, one case showing calcification of blastomatous 
neurons (Figs. 15 and 16). Among the gliomas limited primarily to 
one lobe (determined by necropsy and operative findings), calcifica- 
tion was found more commonly in the frontal region, usually within 
oligodendrogliomas or astrocytomas (Table IIT). 

The largest number of calcified gliomas (reclassified according to 
Kernohan*) occurred in astrocytomas, grades 2 and 3 (25 of 284 
tumors) (Tables V and VI). 

The ependymomas showed calcification in 10 cases of which 8 were 
classified histologically® as the cellular type and 2 as the myxopapillary 
type. One of the two papillomas of the choroid plexus of a lateral 
ventricle was found to have calcium deposits. 

Calcium deposits were present in 40, or 18.6 per cent, of 215 men- 
ingiomas; 34 calcified tumors belonged to the supratentorial group. 
Among these cases there were 28 of meningotheliomatous, 4 of psam- 
momatous, and 2 of lipomatous type.*”° Calcification in meningiomas 
occurred typically in the hyalinized vessels of the whorl formations 
(Fig. 14). In this group the calcified tumors were located more fre- 
quently in the frontal and parasagittal regions (Tables III and IV). 


Tumors in the Region of the Third Ventricle 


Among the tumors of the region of the third ventricle occur the 
gliomas arising primarily in the basal ganglia and thalamus. Although 
glioblastoma multiforme occurred most frequently in this region, cal- 
cification in these structures was limited to astrocytomas, oligodendro- 
gliomas, and ependymomas. Calcification was observed in one tumor 
of the optic nerve (spongioblastoma polare). None of the colloid cysts 
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of the third ventricle, papillomas of the choroid plexus of the third 
ventricle, or meningiomas of the tuberculum sellae were calcified 
(Table IIT). 

Of 58 “craniopharyngiomas,” 39 or 67.2 per cent were calcified. Of 
these 28 were designated as adamantinoma, 22, or 78.6 per cent, of 
which contained calcium characteristically adjacent to the epithelial 


Taste Iil 
The Occurrence of Calcification as to Location (Operative or Necropsy Findings) 
Involvi 
more than 
Involving primarily one cerebral lobe one 
cerebral 
Frontal | Parietal | Temporal | Occipital lobe 
Astrocytoma Total 51 20 19 ° 60 
No. calc. 8 5 2 ° 9 
Astroblastoma Total 8 2 8 I 8 
No. calc. 2 ° ° ° I 
Glioblastoma Total 72 55 76 6 167 
multiforme No. calc. 4 3 7 ° 10 
Oligodendroglioma Total 10 4 ° I 15 
No. calc. 6 2 ° i 8 
Ependymoma Total 4 8 8 I 7 
No. calc. 2 I 2 I 3 
Meningioma Total 87 32 40 2 16 
No. calc. 15 7 5 as 5 
Tumors of third ventricle and adjacent structures 
Total No. calc. 
Craniopharyngioma 58 39 
Pituitary tumors 97 5 
Meningioma, tuberculum sellae 4 ° 
Optic nerve tumors 16 I 
Colloid cyst 8 ° 
Papilloma of choroid plexus I ° 
Tumors of pineal region 19 12 
Basal ganglia and thalamus 
Glioblastoma multiforme 26 ° 
Astrocytoma 21 2 
Oligodendroglioma 6 I 
Ependymoma 5 2 
cells (Fig. 9). In tumors of this group classified as “epithelial” 16 of 
28 cases, or 57.1 per cent, were calcified, the calcium being in either 
the stroma of the tumor (Fig. 11) or in the cystic spaces (Fig. 10). In 
this group were one teratoid tumor which showed no calcium deposits 


and one suprasellar teratoma which contained cartilage and bone. 
Of 19 tumors of the pineal region 12, or 63.2 per cent, were calcified. 
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Calcium deposits were found in 7 pinealomas and in one pinealoblas- 
toma. In 4 teratomas of the pineal region the calcium was deposited 
in cartilage and bone. The most frequent pattern was that of type I, 
which was present in 6 pinealomas (Fig. 4). 

Pituitary neoplasms were classified as chromophobic in 92 cases and 
eosinophilic in 5. Calcium was found in 5, or 5.4 per cent, of those of 
chromophobe type (Fig. 12); of these 2 were of pattern III (Table I). 


Tumors of the Posterior Fossa 


The gliomas of the posterior fossa showed predominance of pattern 
I with less selectivity as to tumor type. In 94 astrocytomas of the 
cerebellum, calcification occurred 12 times, or in 12.8 per cent; and 
in 72 medulloblastomas, 4 times, or 5.6 per cent (Figs. 5 and 6). In 


Taste IV 
Locations of Supratentorial Meningiomas 


No. of tumors No. calc. 

Parasagittal 

Frontal 35 6 

Parietal 13 4 
Frontal 35 3 
Parietal 19 3 
Temporal 5 ° 
Occipital 2 I 
Fronto-parietal 8 4 
Temporo-parietal 4 I 
Parieto-occipital 4 ° 
Sphenoid ridge 36 5 
Olfactory groove 18 6 
Tuberculum sellae 4 ° 
Interventricular 4 ° 
Gasserian ganglion 6 I 

Total 193 34 


48 astroblastomas (spongioblastoma polare of Bailey) which involved 
the brain stem, 2 were calcified and both showed pattern I. With re- 
classification of the cerebellar gliomas, calcification was found most 
frequently in astrocytoma, grade 2* (Table VI). 

Of 24 ependymomas of the posterior fossa there were calcium de- 
posits in 3, classified histologically as epithelial type (2 cases) and 
cellular type (1 case) (Figs. 7 and 8). Two examples of papilloma of 
the choroid plexus in the fourth ventricle had calcium deposits. 

In the posterior fossa, 6, or 27.3 per cent, of the 22 meningiomas 
were calcified; 5 were of the meningotheliomatous and one of the 
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psammomatous type. In this region two major tumor groups, acoustic 
schwannoma (93 cases) and hemangioblastoma of the cerebellum (22 
cases), were without calcification (Table IT). 


Metastatic Tumors 


Of 95 examples of surgically treated metastatic tumors, only one, 
and that from bronchogenic carcinoma, was calcified (pattern I). This 
group was heterogeneous, with 72 tumors in the supratentorial region 


TABLE V 
Supratentorial Astrocytomas (Reclassified) 


Average 
Number preoperative Average 
Grade of of cases Average duration of postoperative 
tumor Number of with age symptoms survival 
malignancy patients calcification (years) months) (months) 
I 24 (32) 3 3t (33.9) 18.5 (20.8) 28 (73.6) 
3 29 18 50 
2 80 (38) 12 33-6 (38.2) 18.2 (11.2) 27 (23.8) 
12 30 18.2 48.5 
3 143 (37) 13 45 (40.4) 11.6 (11.8) 10.2 (11.5) 
13 43 II 22.4 
4 37 (54) 3 41.7 (42.6) 5-2( 7.3) 12.3 ( 6.6) 
3 25 8.3 23-3 
Total 284 


This material is based on cases who survived over 1 month after operation. Many of 
these patients are still living. Figures in parentheses are reported figures of Kernohan et al.2.3 


and 23 in the posterior fossa. In the supratentorial group there were 
22 tumors from bronchogenic carcinoma, 10 melanoblastomas, 5 hyper- 
nephromas, 5 from cutaneous structures, 3 from breast, 2 from oral 
mucosa, and one each from cervix, rectum, and stomach. One case 
was a chorio-epithelioma. In 21 cases the site of the primary tumor 
remained clinically and pathologically obscure. 

Of the 23 metastatic tumors in the posterior fossa 8 were of pul- 
monary origin, 3 hypernephromas, 2 hemangiosarcomas (from ilium 
and petrous bone), one each from breast, stomach, rectum, rectosig- 
moid, nasopharynx, ovary, and uterus. In 3 cases the primary site 
was not established. 


CALCIFICATION WITHIN AGE GrRouPsS 
In the age group o to 15 years the incidence of calcification was 
highest in craniopharyngioma (22 of 28, or 78.6 per cent) (Table I). 
The most frequently calcified cerebral glioma was ependymoma with 
5 of 13 examples, or 38.5 per cent. Eight, or 89 per cent, of 9 tumors 
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of the pineal region were calcified (Table I). Calcification occurred 
in 9.5 per cent of the astrocytomas of the cerebellum and in 6.9 per 
cent of medulloblastomas in the posterior fossa tumors of the same 
age group (Table IT). 

The gliomas of the adult group (older than 15 years) did not show 
calcification characteristic of any tumor type or age group. The supra- 
tentorial gliomas, glioblastomas, and oligodendrogliomas were more 


Taste VI 
Cerebellar Astrocytomas (Reclassified ) 


Average 
Number preoperative Average 
Grade of of cases Average duration of postoperative 
tumor Number of with age symptoms surviv: 
malignancy patients calcification (years) months) (months) 
I 32 (109) 3 12.1 9-6 (13.9) 89 (78) 
3 19 24 50.5 
2 35 ( 14) 8 17 17.5 (11.7) 75 (74.6) 
8 18.5 19.3 62 
3 9( 8) I 24 5-5( 8.5) 30 (84) 
I 10 7:5 20 
4 o( 0) 
Total 76 


This material is based on cases who survived over 1 month after operation. Many of 
these patients are still living. Figures in parentheses are reported figures of Kernohan et al.2,3 
frequently calcified after age 50. Calcification of the meningiomas 
was more frequent after age 40, although this trend was not statisti- 
cally significant (Table I). 


CALCIFICATION IN RELATION TO SEX 


The gliomas were more common in males while meningiomas were 
proportionately more frequent in females. No significant difference 
with regard to sex was noted in the occurrence of calcification 
(Table I). 


PREOPERATIVE DURATION OF SYMPTOMS IN RELATION TO 
CALCIFICATION 


For glioblastoma multiforme the duration of preoperative symptoms 
was 13 months for calcified tumors and 7 months for the total group. 
In ependymoma it was 46 months for calcified tumors and 19 months 
for the total group. However, it was shorter in calcified oligodendro- 
gliomas in which it was 10 months for calcified neoplasms and 20 
months for the total group. For the other types of tumor there was 
no significant difference (Tables I and IT). 
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SURVIVAL WITH RELATION TO CALCIFICATION 


A survival period of 5 years was used as an index for prognosis. In 
the supratentorial group, patients with calcified ependymoma, astro- 
cytoma, and oligodendroglioma had a significantly longer survival 
period than corresponding cases without calcification (Table I). In 
the posterior fossa no significant relationship was noted between the 
survival periods of patients with calcified tumors and the total group 
(Table IT). 

ROENTGENOGRAPHIC CALCIFICATION 


Calcification was demonstrated microscopically in 207, or 13.1 per 
cent, of the 1577 tumors. Of 192 tumors in which calcification was 
found microscopically, the roentgenologist reported calcification radio- 
graphically in 104 or 54.2 per cent. The supratentorial tumors having 
microscopic calcification had confirmatory radiologic changes in 59.6 
per cent (99 of 166). Tumors of the posterior fossa showing micro- 
scopic calcium salts had this finding confirmed by x-ray in 19.2 per 
cent (5 of 26) (Tables I and II). 


DIscussIon 


Although no attempt was made to correlate microscopic calcifica- 
tion with roentgenographic shadows, a consideration of the three major 
histologic patterns, as demonstrated in this study, may occasionally 
aid in the interpretation of the roentgenogram. The first pattern gives 
rise to a flocculent or worm-like shadow resembling the vascular pat- 
tern as it appears on the arteriogram."’ The granules correspond to 
the cross section and the parallel radiations to the longitudinal view of 
the calcified vessels. The second and third patterns may appear on the 
roentgen film either as a single large shadow or as a solid sheet of cal- 
cium. Pattern IV includes calcification of several types, and does not 
cast a characteristic shadow. 

Since a large proportion of this study was based upon biopsy mate- 
rial, calcification noted on the roentgenogram™ was not necessarily 
represented in microscopic sections of the tissue and, conversely, the 
minute amounts noted microscopically were not necessarily visible 
radiographically because of their size and position. It is reasonable to 
assume that minute calcium fragments seen microscopically in medullo- 
blastoma would not be visible through the dense bone of the posterior 
fossa. No systematic study of the size, density, and distribution of 
calcium salts necessary to cast a shadow in roentgenograms of the 
skull is available from the literature. 


CALCIFICATION IN INTRACRANIAL NEOPLASMS III7 


Although radiologic diagnosis of the neoplastic type from the pat- 
tern of the calcium salts has not been attempted, this pattern, com- 
bined with pertinent clinical information, may suggest the true nature 
of the lesion. This information becomes useful in the interpretation of 
roentgenograms of patients with symptoms of space-occupying lesions 
when calcium deposits are visible. In children, sheets or masses of 
supratentorial calcium in the roentgenogram suggest the presence of 
an ependymoma.” Calcification in the suprasellar region in children is 
highly suggestive of craniopharyngioma (Figs. 21 and 22). From our 
material no definite histopathologic diagnosis could be made when cal- 
cification occurred in the pineal region of children.’* Calcification in 
neoplasms visualized by x-ray in the posterior fossa of children is most 
suggestive of astrocytoma or ependymoma of the cerebellum (Figs. 
24 and 2s). 

In adults, roentgenographic correlation with the histologic tumor 
type is more difficult. However, in the middle-aged group, calcified 
tumors of the frontal region are most likely to be astrocytoma or 
oligodendroglioma. In those patients over the age of 50, oligodendro- 
glioma is the most probable lesion (Fig. 18). Calcified lesions of the 
parasellar region are more prone to be craniopharyngioma (Figs. 21 
and 22) than a primary neoplasm of the pituitary gland (Fig. 23). 
Calcification in close association with the dura or falx may suggest the 
diagnosis of meningioma™ (Figs. 19 and 20). This should not be con- 
fused with the physiologic calcification which occurs commonly at 
these sites. Elsewhere, calcification in the supratentorial region may 
be of any histopathologic type (Fig. 17). 


CoNCLUSIONS 


Each of 1577 verified tumors of the central nervous system was 
studied for microscopic calcification. Calcification was found in 207 
or 13.1 per cent. 

Four histologic patterns of calcification were differentiated in this 
study and three of these occurred frequently. 

When calcification is visible in the roentgenogram, a consideration 
of these microscopic patterns and their locations, when correlated with 
clinical data, may in certain instances suggest the histologic structure. 

In this series an insufficient number of cases was examined follow- 
ing roentgen therapy to ascertain any relationship between irradiation 
and the occurrence of calcification in particular tumor types. 

Calcification occurred in our series in every major tumor group ex- 
cept the schwannomas and hemangioblastomas. 
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DESCRIPTION OF PLATES 


PLATE 174 


Fic. 1. Supratentorial glioblastoma multiforme with calcified blood vessels, pattern 
I. Hematoxylin and eosin stain. X 155. 


Fic. 2. Oligodendroglioma with beginning confluence of calcified blood vessels, pat- 
tern I. Hematoxylin and eosin stain. X 130. 


Fic. 3. Cerebral astrocytoma with calcified blood vessel wall, pattern I. Hema- 
toxylin and eosin stain. X 155. 


Fic. 4. Calcified blood vessel in pinealoma, pattern I. Hematoxylin and eosin stain. 
X 155. 
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PLATE 175 


Fic. 5. Medulloblastoma with calcification of pattern I. Hematoxylin and eosin 
stain. X 140. 


Fic. 6. Cerebellar astrocytoma with calcification of pattern II. Hematoxylin and 
eosin stain. X 150. 


Fic. 7. Epithelial ependymoma from the posterior fossa, showing calcification of 
pattern ITI in an area of necrosis. Hematoxylin and eosin stain. X 125. 


Fic. 8. From the same ependymoma as Figure 7, showing another area of calcifica- 
tion of pattern III. Hematoxylin and eosin stain. X 125. 
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PLATE 176 


Fic. 9. Craniopharyngioma with calcification surrounded by epithelial cells, pattern 


FIc. 


Fic. 


Fic. 


IV. Hematoxylin and eosin stain. X 130. 


10. Craniopharyngioma adjacent to pituitary gland with calcification of pattern 
IV. Hematoxylin and eosin stain. X 145. 


11. Craniopharyngioma with sheets of calcification of pattern IV. Hematoxylin 
and eosin stain. X 130. 


12. Chromophobe adenoma of the pituitary gland showing calcification in blood 
vessel, pattern I. Hematoxylin and eosin stain. X 145. 
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PLATE 177 


.13. Meningotheliomatous meningioma of the olfactory groove, showing conflu- 
ence of calcified blood vessels of pattern II. Hematoxylin and eosin stain. X 125. 


. 14. Meningioma of the choroid plexus showing calcification of pattern I. Hema- 
toxylin and eosin stain. X 132. 


.15. Neurocytoma with living ganglion cells (below) and calcified ganglion cells 
(above), pattern IV. Hematoxylin and eosin stain. X 132. 


.16. Neurocytoma with multiple calcified ganglion cells, pattern IV. Hematoxylin 
and eosin stain. X 118. 
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PLATE 178 


. Roentgenogram of neurocytoma with calcification in the occipital region. 


Roentgenogram of calcified oligodendroglioma of the frontal region. 
Roentgenogram of calcified sphenoid ridge meningioma. 


Roentgenogram of calcified meningioma of the olfactory groove. 
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PLATE 179 


Fic. 21. Roentgenogram of a calcified intrasellar craniopharyngioma. 


Fic. 22. Roentgenogram of a calcified intrasellar and extrasellar craniopharyngioma. 


Fic. 23. Roentgenogram of calcification in a chromophobe adenoma of the pituitary 
gland. 
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PLATE 180 


Fic. 24. Ventriculogram showing calcification in cerebellar astrocytoma of the poste- 
rior fossa. 


Fic. 25. Ventriculogram showing calcification in ependymoma of the posterior fossa. 
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A HISTOCHEMICAL STUDY OF IRRADIATED BONE * 
M. S. Burstong, D.D.S.+ 
(From the University of Illinois, College of Dentistry, Chicago 12, IU.) 

The pathogenesis of irradiation changes in the mandibular joint 
and long bones has been described in some detail.’ Continuous irradi- 
ation of developing bone from assimilated radioactive material results 
in an abnormal reparative process during which there occurs an accen- 
tuation of the processes of bone formation as well as resorption. Fol- 
lowing internal administrations of beta emitterst (P** or Sr**) bone 
exhibits certain characteristic changes. These include replacement of 
hematopoietic cells by “gelatinous” marrow containing abnormal re- 
ticular cells. Subsequently, atypical bone develops in the marrow, 
especially near the damaged epiphyseal cartilage. Furthermore, large 
numbers of osteoclasts may be seen adjacent to these spicules of bone. 

In an attempt to elucidate the pathogenesis of irradiation changes 
as suggested by the earlier work, certain histochemical methods were 
employed in order to study the bone matrix and related intracellular 
precursors. Specifically, the periodic acid-Schiff method developed by 
Hotchkiss and others for demonstration of carbohydrates and glyco- 
proteins was utilized.** This made possible a study of carbohydrate- 
protein complexes in the bone matrix as well as within cells. 


METHODS 


Ten C57 mice, 1 to 3 days old, were injected subcutaneously with a 
carrier-free solution containing radioactive phosphorus, P**, as sodium 
phosphate. The dosage was approximately 20 uc. per gm. of body weight. 
Controls consisted of uninjected immature mice of the same age as 
well as mice injected with non-radioactive phosphate solution. An- 
other series of 8 3-day old mice were injected adjacent to the knee 
joint with a suspension of chromic phosphate containing P* (activity, 
10 microcuries per cc. of suspension). The opposite knee joint was 
also studied as a control. Other controls for this series were injected 
in the same area with a non-radioactive suspension of chromic phos- 
phate. 

Seven days following injection all experimental and control mice 


* This work was aided in part by Grant C-1373 (C) from the National Cancer Institute, 
U.S. Public Health Service, and by Grant DA-V9-007-MD17 from the Surgeon General’s 
Office, Department of the Army. 

Received for publication, June 16, 1952. 

+t Now at University of Chicago, Department of Anatomy, Chicago 37, Ill. 

¢ The P32 and radioactive chromic phosphate were supplied by Abbott Laboratories, 
Chicago, on allocation from the Isotopes Division, U.S. Atomic Energy Commission. 
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were sacrificed. The knee joints were dissected and the tissues frozen 
and dried using the Altmann-Gersh technic.° All tissues were frozen 
in isopentane chilled in liquid nitrogen (approximately —150° C.) and 
then were dehydrated in a vacuum (approximately -30° C.). The 
undecalcified specimens were then infiltrated in vacuo with paraffin 
(melting point, 60° to 62° C.), embedded, and sectioned at 6 ». After 
mounting on albuminized slides, some sections were deparaffinized in 
xylol, denatured overnight in absolute alcohol, and stained for polysac- 
charide-protein complexes using the periodic acid-Schiff method. 

This periodic acid-Schiff method involves the oxidation of specific 
carbohydrate-hydroxyl groups to aldehydes. These aldehydes in turn 
react with leukofuchsin to produce a red color, thus indicating the 
localization of carbohydrate-containing substances. 

Since the monosaccharides, polysaccharides, glycogen, free alde- 
hydes, and protein-lipid complexes are stained, various procedures 
were followed in order to differentiate these periodic acid-Schiff posi- 
tive compounds. Various serial sections of each specimen were treated 
in the following manner: Simple sugars were dissolved by water 
(M/t15 phosphate buffer pH 7). Glycogen, which stains intensely, was 
removed by incubation with a mixture of alpha and beta amylase (1 
mg./cc. pH 6 phosphate buffer M/15). Free aldehydes were stained 
without the use of an oxidant, periodic acid, while protein-lipid com- 
plexes were removed by treatment of the specimen with methanol- 
chloroform before staining. Intracellular and extracellular red-stained 
material which remained following these solubility and enzyme tests 
is believed to constitute a carbohydrate-protein complex oriented as a 
polymer. 

A group of specimens deparaffinized in petroleum ether were treated 
with enzymes which have been demonstrated to alter glycoproteins, 
and then were stained using the periodic acid-Schiff method. Unde- 
natured specimens were incubated with trypsin (1/10 mg./cc. in pH 7 
buffer M/15). Another group of undenatured sections was treated with 
hyaluronidase (1350 turbidity reducing units per cc. dissolved in pH 6 
phosphate buffer M/15) for 15 and 30 minutes at 37° C., and then 
stained according to the Hotchkiss method.® Still other undenatured 
sections were treated with collagenase* (1 mg./cc. in Palitzsch’s buffer, 
pH 7)° for 1, 6, and 12 hours, and stained for glycoprotein. 

Control slides for the aforementioned enzyme tests were incubated 
in the buffer lacking the enzyme. 

A series of undenatured sections was studied for the presence of 


* Type A collagenase (B612F) was kindly furnished by the Wellcome Physiological Re- 
search Laboratories, Beckenham, England. 
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alkaline phosphatase by the use of a modification of the Gomori 
method.” Controls for this series were treated with a reagent which 
lacked sodium glycerophosphate. 

The presence of total phosphate-carbonate, presumably as a cal- 
cium salt, both intracellularly and extracellularly, was studied by the 
use of the histochemical modification of the von Kossa method devised 
by Gersh.® In this method, tissue sections are treated with a concen- 
trated silver nitrate reagent and then exposed to ultraviolet light. Areas 
which contain phosphate-carbonate appear as granules of reduced silver. 

For the purposes of orientation as well as morphologic studies, some 
Hotchkiss-stained material was counterstained with malachite green 
(25 mg. per cent solution). In addition, other sections were stained 
with hematoxylin and eosin. 


OBSERVATIONS 
Control Mice 


The epiphyseal cartilage and adjacent bones (tibia and femur) of 
animals injected with non-radioactive solutions and suspensions ap- 
peared histologically identical to untreated controls in all staining 
reactions. Occasionally, however, macrophages were seen in the area 
of inert chromic phosphate. 


Mice Receiving Systemic P** 


Seven days following injection of soluble phosphate containing P*, 
the marrow cells of the large marrow cavity were replaced by atypical 
reticular cells. Stained with hematoxylin and eosin, they appeared as 
enlarged spindle cells with atypical nuclei and long cytoplasmic proc- 
esses (Figs. 1 and 3). Few normal osteoblasts were present. 

Many groups of these cells were embedded in a matrix which stained 
lightly with eosin. This matrix contained patches of immature bone. 
Multinucleated cells (presumably osteoclasts) were closely associated 
with both old and new bone. In many areas, the bone matrix adjacent 
to the osteoclasts appeared irregular, and basophilic granular material 
was present. 

With the periodic acid-Schiff method the atypical reticular cells, 
osteoclasts, and the bone stained more intensely than the reticular cells 
and bone matrix of the controls (Figs. 2 and 4). Moreover, the inter- 
cellular matrix associated with the altered marrow also stained pink er 
red. 

The bone matrix adjacent to single and multinucleated cells (osteo- 
clasts) stained intensely and appeared as a dark red band. Granules 
and also globules of red-staining material were present in and adjacent 
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to the irregularly outlined bone spicules, giving the appearance of a 
dissolution of the matrix (Figs. 5 and 6). 

Following incubation with amylase, large amounts of Hotchkiss- 
positive granular material (glycogen) were removed from the cyto- 
plasm of reticular cells and osteoclasts, which essentially constituted 
the irradiated marrow. Nevertheless, both reticular cells and bone 
matrix still stained more intensely than normal controls. 

Incubation of both control and experimental material with trypsin, 
hyaluronidase, and collagenase resulted in no appreciable change in 
the stainability of Hotchkiss-positive material. 

The marrow of experimental material treated to reveal the presence 
of alkaline phosphatase showed a striking aggregation of dark gran- 
ules in the cytoplasm of the atypical reticular cells, indicating the 
presence of phosphatase in the cytoplasm. The marrow of normal 
controls exhibited a minimal localization of phosphatase in the retic- 
ular and other cells as contrasted to the irradiated material. 

With the modification of the von Kossa method, the irregular spic- 
ules of immature bone in the irradiated marrow contained densely 
packed masses of silver granules, indicating the presence of phosphate- 
carbonate. The latter was present also in the atypical reticular cells as 
well as in areas of immature bone which formed in the marrow spaces. 
Normal bone matrix gives a positive von Kossa reaction but the mar- 
row cells do not contain granular material. 


Mice Receiving Local P** as Chromic Phosphate 


Study of knee joints irradiated locally by injection of chromic 
phosphate adjacent to the periosteum revealed changes qualitatively 
similar to those described for mice receiving soluble P* solution. The 
knee joint opposite the injected joint appeared similar to the knee 
joints of control mice. 

DISCUSSION 

Radioactive phosphorus, when administered systemically, or in a 
local site adjacent to bone, produces a continuous irradiation of the 
bone marrow. There result a destruction of normal marrow and its 
replacement by abnormal connective tissue (reticular) cells. These 
cells are characterized by increased amounts of glycogen, glycopro- 
tein, alkaline phosphatase, and phosphate-carbonate presumably pres- 
ept as calcium salt. They are associated with an amorphous 
glycoprotein matrix, which may become calcified to form immature 
bone. 

It is believed that under normal as well as pathologic conditions, 
cells of connective tissue origin, including osteoblasts, elaborate the 
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glycoprotein ground substance, or its precursor.? However, the glyco- 
protein matrix laid down following irradiation is conspicuously differ- 
ent from normal matrix seen in animals of comparable age. It stains 
more intensely with the periodic acid-Schiff method, applied under 
standard conditions, and an appreciable fraction is water soluble. By 
analogy with the work of Gersh and Catchpole,® it may be postulated 
that this matrix represents glycoprotein in a lower state of aggregation 
or polymerization than normal. Such a state of the matrix, per se, is 
indicated by the work of Cobb’ and Heller’ to favor calcification, a 
transformation agreeing with the present findings. 

It may be further supposed that the secretion of this altered ground 
substance is part of a reparative process mediated by the abnormal 
reticular cells of irradiated marrow. The enhanced amounts of gly- 
cogen and alkaline phosphatase present in these cells would support 
this. Alkaline phosphatase has been related to the formation of calci- 
fied protein matrices,*°’* and glycogen in the cells of regenerating 
epithelium, for example, has been held to furnish a source of energy 
for protein synthesis.’* In irradiated marrow, the active proliferation 
and secretion of abnormal reticular cells may be interpreted as a repair 
process utilizing cellular glycogen for energy. 

Appearances suggesting matrix dissolution are present also. It is 
highly unlikely that these would be direct effects of irradiation, since 
extremely high dosages are usually required to produce breakdown of 
organic substances. Matrix breakdown is closely associated with cel- 
lular activity, and intensely stained areas and granules are observed 
adjacent to osteoclasts. Dissolution would seem, therefore, to be 
closely related to the secretion of mucolytic or depolymerizing enzymes 


by these cells. 
CoNCLUSIONS 


Radioactive phosphorus administered systemically or locally (adja- 
cent to bone) results in a destruction of the normal bone marrow and 
subsequent replacement by abnormal reticular cells. 

The abnormal reticular cells contain greater than normal amounts 
of glycoprotein, glycogen, and alkaline phosphatase, and are associ- 
ated with a glycoprotein-containing matrix which calcifies. 

I wish to thank Dr. M. B. Engel for his counsel, and Miss Edith Crook for techni- 
cal assistance. 
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DESCRIPTION OF PLATES 


PLATE 181 


Fic. 1. Normal marrow of tibia, frozen-dried, undecalcified, and stained with hema- 
toxylin and eosin. X 945. 


Fic. 2. Normal marrow of tibia, frozen-dried, undecalcified, and stained using the 
periodic acid-Schiff method. Relatively little periodic acid-Schiff positive ma- 
terial is present. X 945. 


Fic. 3. Irradiated tibia showing atypical reticular cells which have replaced the nor- 
mal marrow. Hematoxylin and eosin. X 945. 


Fic. 4. Irradiated tibial marrow stained using the periodic acid-Schiff method. The 
dark-staining areas represent intracellular glycogen and glycoprotein. X 945. 
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PLATE 182 


Fic. 5. Area of frozen-dried, undecalcified epiphyseal bone from a normal control 
animal, stained by the periodic acid-Schiff method. 1200. 


Fic. 6. Area of frozen-dried, undecalcified epiphyseal bone from an irradiated ani- 
mal stained by the periodic acid-Schiff method. The staining reaction is less 
homogeneous than seen in the normal controls, and dark granular appearing 
areas associated with bone resorption are present. X 1200. 
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THE EFFECT OF ESTROGENS ON THE GROWTH APPARATUS 
OF THE BONES OF IMMATURE RATS * 


Ann M. Bupy, B.S., MarsHatt R. Urist, M.D.,¢ and Franxiin C. McLean, M.D. 
(From the Department of Physiology, Division of Biological Sciences, University of 
Chicago, Chicago 37, Ill.) 

The laboratory rat displays a peculiar reaction to certain steroid 
substances which have estrogenic action. Young growing rats, but not 
guinea-pigs, hamsters, rabbits, cats, or dogs, exhibit an increase in 
the length and density of the metaphyses of the long bones in response 
to moderate doses of estrogenic substances.’* Grossly, and in roent- 
genograms, these changes are easily confused with the endosteal for- 
mation of new bone observed in birds* and mice‘ treated with estrogen, 
but the microscopic appearances in the rat are quite different. That 
these differences in the reaction of the bone to estrogens exist was 
shown by Day and Follis,® who correctly interpreted the effects of 
estrogens on immature rats as the result of an inhibition of resorption, 
although certain later writers®’ have put a different interpretation on 
their observations. 

Ross and McLean® adopted the term “growth apparatus” for the 
mechanism by which growth occurs in the long bones of rats. This 
paper will show that the action of moderate doses of estrogens upon 
the bones of rats is confined to a specific effect upon one particular 
part of the growth apparatus. This effect does not interfere with the 
processes which lead to the increase in length of the long bones, but it 
does affect a process involved in the readjustment of the architecture of 
the bones to the increase in length, i.e., the resorption of the spongy 
bone in the metaphysis. The specificity of this effect in rats excludes 
the endosteal formation of new bone as observed in birds and in mice, 
and excludes any effect of estrogens on intramembranous bone forma- 
tion, or on the skeleton of mature rats, since the growth apparatus 
functions only in relation to endochondral growth of bone. 


MATERIALS AND METHODS 


Rats of the Wistar, Sprague-Dawley, or hybrids of the two strains, 
fed an ad libitum diet of lab chow checkers were used in all of the 
experiments. Unless otherwise stated, the rats were 26 to 30 days old, 

* These investigations were aided by grants from the National Institutes of Health, 
USS. Public Health Service; from the Josiah Macy, Jr. Foundation; and from the Wallace 
C. and Clara A. Abbott Memorial Fund of the University of Chicago. 

Received for publication, June 30, 1952. 


+t Now at Wadsworth Hospital, Veterans Administration Medical Center, Los Angeles, 
Calif. 
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and weighed from 50 to 70 gm. Histologic sections of the bones were 
made by technics reported by McLean and Bloom.’ Roentgenographic 
studies were made on all rats either at frequent intervals throughout 
the experiment or at necropsy. The steroid nomenclature as interpreted 
by Mason” and later by Fieser and Fieser** will be employed in this 
paper. Estradiol benzoate in this report refers to the formerly desig- 
nated “‘a’’-estradiol benzoate, and will be described as 17 6-estradiol 
benzoate only where the two C,;-epimers are compared in the experi- 
mental procedures. Formerly designated ‘8’—estradiol benzoate will 
be described as 17 a—estradiol benzoate throughout the paper. 


EFFECT OF ESTROGENS ON ENDOCHONDRAL OSSIFICATION 
Methods 


Thirty-two immature rats were injected with estradiol benzoate in 
corn oil in doses of 1.0, 2.0, or 4.0 mg. weekly over a period of 1, 2, 4, 
or 8 weeks. One oil-injected control and 2 experimental rats were 
necropsied at 2, 3, 5, and 9 weeks. The entire skeleton was examined 
by means of roentgenograms, and the right tibiae were prepared for 
histologic examination. These methods of study were used routinely 
in all experiments unless otherwise stated. 

Thirteen immature rats were injected with 0.1 mg. of 17 a—ethinyl- 
estradiol in saline solution every other day over a period of 8 weeks. 
Four rats of similar age and range of weights were injected with saline 
solution and used as controls. One control rat and 3 estrogen-treated 
rats were sacrificed at 1, 2, 4, and 8 weeks of the experiment. 

Six immature rats (aged 21 days) were injected with diethylstil- 
bestrol in doses of 2.0 mg. weekly over a period of 12 weeks. One 
control and 2 experimental rats were sacrificed at 4, 8, and 12 weeks. 


Results 


Moderate to large doses of estrogen, varying from 1.0 to 4.0 mg. 
per week, produced histologic changes in the skeletons of young grow- 
ing rats, different from those seen in the bones of similarly treated 
mice. There was no endosteal bone formation, but there were striking 
effects upon the process of endochondral ossification. With large doses 
(4.0 mg. weekly), the first changes observed were at the upper end of 
the tibia as early as 9 days. At 15 days the spongiosa was twice the 
normal length. After this period the spongiosa further increased in 
length, and increased density of the metaphysis could be observed 
even in the gross specimen. Normally, in the epiphyseal lines of the 
rat, the matrix of about 5 of 7 cartilage-cell rows is absorbed (Fig. 1), 
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and new bone is laid down on the remaining spicules of cartilage 
matrix. In the estrogen-treated rats, the process of resorption of the 
cartilage matrix was inhibited by moderate doses (3.0 mg. in 3 weeks) 
to the extent that the matrix of only about 3 of 7 row interspaces was 
removed. Moderately large doses (2.0 mg. and more weekly) inter- 
fered with the cartilage resorption mechanism to such a degree that 
none of the matrix in the row interspaces was removed (Figs. 2, 3, 
and 4). The resulting histologic picture was that the spongiosa was 
elongated and increased in density, and all the bony trabeculae con- 
tained cores of deeply staining cartilage matrix. The increase in length 
of the spongiosa was determined by the duration of treatment or the 
period of growth under the influence of estrogen. With large doses 
the growth of the long bones was greatly retarded and the metaphyses 
were moderately elongated. With moderate doses, the long bones were 
only slightly shorter than normal, but the metaphyses were greatly 
elongated, in some instances as much as four times, within a period of 
8 weeks. The increase in density of the spongiosa within a specified 
period was directly proportional to the size of the dose. The metaphysis 
became so dense that it was indistinguishable from compact bone in 
the roentgenograms. The persistence of all of the cores of cartilage 
matrix that are formed from the epiphyseal plate demonstrates con- 
clusively that the effect of estrogens in the rat is primarily upon the 
process of resorption (Figs. 1, 2, 3, and 4). 


Tue UsE oF THE Rat TrsiA AS A METHOD OF MEASURING 
THE SKELETAL REACTION 


It was observed that the effects of estrogens on endochondral ossi- 
fication were most prominent and occurred earlier in the tibial me- 
taphyses than in any of the other long bones. Studies of the density 
and the length of the metaphyses have shown that the histologic and 
roentgeongraphic observations could be combined and used quantita- 
tively with accurate results. The density was determined by counting 
the number of bony trabeculae at the epiphyseal line. The length was 
determined by comparison with the normal spongiosa and was ex- 
pressed by symbols of multiples of N (N = normal). The multiples 
of N increased with a 2 mm. elongation of the spongiosa; an increase 
in the length of the spongiosa up to 4 mm. was designated as 2 X N, 
an increase up to 4 to 6 mm. as 3 X N, an increase up to 6 to 8 mm. 
as 4 < N, and an increase up to more than 8 mm. as 5 X N (Figs. 1, 
2,3, 4, and 5, 6, 7, 8). 

This technic was accurate and quantitative results could be repeated 
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consistently when the rats were carefully selected and the test condi- 
tions were uniform with respect to age, dose, and the estrogen. An 
immature rat of either sex, approximately 30 days old, weaned to a 
diet of lab chow checkers was considered the standard rat in these 
experiments. The reaction of the tibial metaphyses from a weekly 
dose of 1.0 mg. of estradiol benzoate was used as a base line for all 
measurements. 


Tuer INFLUENCE oF GrowTH, AGE, AND DIET 
Methods 


Two grouped-litters of 8 rats each were injected weekly with 
estradiol benzoate beginning on the day of birth and then at 7-day 
intervals with graduated doses of 0.05 mg. until 14 days, of 0.1 mg. 
until 28 days, and of 0.5 mg. after 35 days. Another litter, injected 
with olive oil, was used for controls. One rat from each group was 
sacrificed every 5 days between 5 and 40 days of age. 

Three young adult rats (5 to 6 months of age) were injected with 
a total of 8.0 mg. of estradiol benzoate over 8 weeks. A similar rat 
was injected with olive oil and was used as a control. 

Twelve adult rats, males and females, obtained from the Wistar 
breeder stock, 9 to 11 months of age, were injected daily with 1.0 mg. 
of estradiol benzoate in corn oil. One control and 2 experimental rats 
were sacrificed after 1 week of treatment and the remaining control 
and estrogen-treated rats were sacrificed after 4 weeks of continuous 
administration. 

Nine weanling rats, weighing from 40 to 50 gm., were divided into 
two groups and placed on a rachitogenic diet (Steenbock-Black no. 
2965) at 21 days of age. One group of 4 rats was given intramuscular 
injections of 0.1 mg. of 17 a—ethinylestradiol in saline solution every 
third day for 3 weeks. The second group was given daily injections of 
0.5 mg. for 5 days after a period of 3 weeks on the diet. A rachitic 
control rat in each group received saline injections over the same 
period of time. 

Results 


Compared with the newborn mouse, the newborn rat appears to be 
more resistant to the skeletal effects of estrogen. As will appear, wean- 
ling rats exhibit a reaction if estrogen is given as early as the 13th 
day of age (Table II). However, there is no effect upon resorp- 
tion before 21 days of age when estradiol benzoate is given on the day 
of birth and then continued in moderate stimulating doses. Appear- 
ance of ossification centers was not accelerated in rats 5 and 10 days 
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of age. Estradiol benzoate administered to young adult rats had no 
effect upon bone formation. Mature rats under influence of estrogen 
showed none of the changes demonstrated by similarly treated im- 
mature rats. 17 a—ethinylestradiol given in small doses over a period 
of 4 weeks will produce a 2 X N reaction in immature rats maintained 
on an adequate diet. No effect was observed in rats made rachitic and 
maintained under the influence of estrogen. No anti-rachitic properties 
could be demonstrated, since the same amount of osteoid tissue was 
present in the estrogen-treated rachitic rats as in the rachitic controls. 


PROCESS OF RECUPERATION 
Methods 


Thirty-two immature rats were injected with 17 S-estradiol ben- 
zoate in corn oil in doses of 1.0, 2.0, or 4.0 mg. weekly over a period 
of 1, 2, 4, or 8 weeks. An oil-injected control was used for each dose- 
group. The treatment was discontinued after each period and the rats 
were allowed to recuperate and grow until the ninth or tenth week 
after the initial dose. Roentgenograms were taken at necropsy. 

Six immature rats were injected with o.2 mg. daily over a period of 
5 days. Three control rats were injected with olive oil over the same 
period of time. All rats were then allowed to grow for 20 weeks. 
Roentgenograms were made at 2-week intervals. 

Five immature rats were injected with a single dose of 4.0 mg. of 
estrogen and one control rat was injected with a single dose of olive 
oil. All rats were allowed to recover over a period of 16 weeks. Roent- 
genograms were made at weekly intervals until the effects of the 
estrogen could no longer be demonstrated (Figs. 9, 10, and 11). Seven 
weanling rats weighing 23 to 27 gm. were given the same dose at 13 
days of age and were observed in a similar manner. In this group each 
rat was its own control. 

Five immature rats were injected at 21 days of age with 2.5 mg. of 
re-crystallized 17 a—estradiol benzoate* over a period of 2% weeks and 
were allowed to recover for a period of 13 weeks after treatment was 
discontinued. Roentgenograms were made at 2-week intervals using 
each rat as its own control. The animals were sacrificed after 1, 4, 
and 13 weeks of recovery. 

Two litters of 7 newborn rats each were injected with 0.005 mg. of 
17 a-ethinylestradiol or 0.5 mg. of diethylstilbestrol every other day 

* Crude 17 a-estradiol benzoate was re-crystallized by Dr. Konrad E. Bloch of the De- 


partment of Biochemistry. The product obtained had a melting point of 152-153° C. and 
contained less than 1 per cent of the original 17 B-estradiol benzoate. 
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over a period of 4 weeks from the day of birth. Another litter was 
injected with olive oil and was used as controls. Rats from each litter 
were sacrificed at 2, 4, 6, 12, 14, and 16 weeks of age. 


Results 


Analysis of the process of recovery from the effects of estrogens on 
the growth apparatus in the long bones of rats is complicated by two 
factors. First, the effects of estrogens continue for some time after 
administration has been discontinued, especially if the hormone is 
given intramuscularly in oil. Consequently, during the first weeks 
after treatment is stopped the spongiosa may continue to increase in 
length, rather than to show signs of recuperation. Second, restoration 
of the normal cycle of growth and resorption begins, not at the ends 
of the dense spicules of bone that make up the metaphysis, but at the 
junction of the epiphyseal cartilage with the spongiosa. The earliest 
sign of healing, therefore, is a thinning out of the trabeculae in the 
primary spongiosa. At this stage the dense metaphyseal bone, formed 
under the influence of estrogen, may appear to be separated from the 
epiphyseal plate. After some weeks this dense bone is also absorbed, 
and eventually the normal architecture of the bone is restored. 

Table I illustrates experiments undertaken in order to observe the 
persistence of the effects of estrogens, and the early stages of recovery. 
Animals were necropsied at the end of the treatment period, which was 
varied from 1 to 8 weeks. Other rats were similarly treated, and per- 
mitted to survive for 1 to 8 weeks after administration of the hormone 
was discontinued. When 2.0 mg. of estrogen was administered during 
a period of 1 week, and the animal was permitted to survive for an- 
other 8 weeks, there was recovery of the resorption mechanism in the 
primary spongiosa. All other animals in the series in Table I failed to 
show recovery. 

Table II illustrates the results on animals treated for varying lengths 
of time, and permitted to survive to complete recovery. Seven wean- 
ling rats given single doses of 4.0 mg. of 17 f-estradiol benzoate did 
not arrive at the maximum length of the spongiosa until 6 weeks had 
elapsed, and recovery, as observed by roentgenograms, was not com- 
plete until after another 6 weeks. When the same dose and the same 
estrogen was administered to 28-day-old rats, maximum length of the 
spongiosa was observed at 8 weeks and recovery was not complete 
until 8 weeks later. 

Immature rats treated with re-crystallized 17 a—estradiol benzoate 
showed an early but slight response in 2 weeks; complete recovery 
was not attained until 6 weeks later. 
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Newborn rats treated with 17 a-ethinylestradiol from the day of 
birth showed a slight increase in the density of the spongiosa in 4 
weeks. Two weeks after the estrogen was discontinued, the density of 
the metaphysis was slightly greater than normal and recovery was 
rapid and complete within the following 4 weeks. Diethylstilbestrol 
produced a slightly greater effect upon the metaphysis. The greatest 


Taste I 
Comparison of the Effects of Continuous Treatment with That of Treatment and Growth 
Group I Group II 
Nesepalet at end Necropsied at end of growth 
of experiment period following treatment 
Duration of Reaction of Period of Reaction of 

Dose treatment tibia growth tibia 

mg. weeks weeks 

1.0 I N 8 N 

2.0 I <2XN 8 2XN R* 

2.0 2 <2XN 7 2XN Rt 

4.0 I <2XN 8 2XN Rt 

4.0 2 <2XN 7 2XN Rt 

4.0 4 <2XN 5 2XN Rt 

8.0 2 2XN 7 2XNRt 

8.0 4 2XN 5 

8.0 8 <3XN I <3XN Rt 
16.0 4 3XN 5 <3XN Rt 
16.0 8 3XN 2 <3XN Rt 
32.0 8 2 <3XNRft 


R*, with recovery of tesorption mechanism in the primary spongiosa. 


R7, no recovery. 


Taste II 
Rate of Recovery from Different Estrogens 
Age at Maximum Time of | Time of 
Total Period of | __ initi reaction maximum | complete 
Estrogen dose treatment dose of tibia reaction | recovery 
mg. days days weeks weeks 
178-estradiol benzoate 1.0 5 27 <2XN 3 12 
176-estradiol benzoate 4.0 Single 13 3XN 6 12 
dose 
178-estradiol benzoate 4.0 Single 28 4XN 8 16 
dose 
Re-crystallized 
17a-estradiol benzoate 2.5 17 21 2XN 2 8 
17a-ethinylestradiol 0.07 28 At <2XN 8 
birth 
Diethylstilbestrol 7.0 28 At <2XN 2 8 
birth 


increase in density was observed in 2 weeks after the hormone was 
discontinued; a few remaining spicules were observed at 4 weeks, 
while a few spicules were observed in only one of 3 rats at 6 weeks 


of recovery. 
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In these experiments, the ages of the animals at the time of the 
initial dose is as important a factor as is the dose itself in the progress 
of recuperation from the effects of estrogens. In general, complete 
recovery from the effects in bone can be demonstrated in 16 weeks or 
less provided the dose is moderate and the rat is of weaning age at the 
beginning of the treatment. 


EFFECTS OF OTHER STEROID HORMONES AND HoRMONE-LIKE 
SUBSTANCES 


Methods 


Forty immature rats were divided into three groups. Each group 
was further divided into four sub-groups and these were treated in the 
following manner: Each sub-group was injected with olive oil and 
used as controls, or with 7.0 mg. of testosterone propionate, or with 
0.28 mg. of estradiol benzoate, or with the same doses of both hor- 
mones over a period of 2 weeks. A second group of rats was similarly 
treated with the same dose over a period of 4 weeks. A third group 
was injected with olive oil and used as controls, or with 14.0 mg. of 
testosterone propionate, or with 0.56 mg. of estradiol benzoate, or with 
both hormones over a period of 8 weeks. Measurements of the length 
of the spongiosa were made on histologic sections of the tibiae. The 
averages of several sections were used on each tibia, and the averages 
of the animals in each sub-group as well as the individual averages are 
shown in Table III. 

Nine immature rats (21 days of age) were injected with a crude 
extract of 17 a—estradiol benzoate in olive oil in 1.0 mg. weekly doses 
over a period of 12 weeks. A second group was injected with weekly 
doses of 0.5 mg. of re-crystallized 17 a—estradiol benzoate over a 
period of 8 weeks. Oil-injected controls were necropsied at the termi- 
nation of each experiment. 

Six immature rats (24 days of age) were injected with biweekly 
doses of 0.5 mg. of 3-methyl bisdehydrodoisynolic acid over a period of 
2 weeks. One control and 2 experimental rats were sacrificed at 3, 6, 
and 12 weeks. 

Fourteen immature rats (21 days of age) were divided into three 
groups. One group was injected with 1.0 mg. of desoxycorticosterone 
acetate daily for 4 weeks, then 4.0 mg. every other day for 4 weeks. 
The second group was injected with 4.0 mg. in four doses weekly over 
8 weeks, then 8.0 mg. doses weekly for 4 weeks. The third group was 
given 2.0 mg. weekly for 8 weeks, then five 4.0 mg. doses weekly for 
4 weeks. Roentgenograms were made at 2-week intervals. Oil-in- 
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jected controls and experimental rats were sacrificed at 4, 8, and 12 


weeks. 
Results 


The results following administration of testosterone alone were, in 
this small series of animals, equivocal. Of the 9 rats given such treat- 
ment, 3 males and one female showed an increase in length, density, 


Taste III 


The Effects of Testosterone Propionate, Estradiol Benzoate, or Both on the 
Length of the Spongiosa 


Length of spongiosa 
Hormone Me Total dose Average Individual 
mg. mm. mm. 
Two weeks 
Control 2 2.29 1.51; 3.07 
Testosterone 2 7.00 2.81 2.87; 2.76 
Estradiol benzoate 3 0.28 3.25 3-453 3-233 3-07 
Testosterone and 7.00 
estradiol benzoate 3 0.28 2.87 3.03; 2.76; 2.83 
Four weeks 
Control 5 1.54 1.21; 1.51; 1.29; 
1.65; 2.08 
Testosterone 5 7.00 1.95 2.37; 1.00; 2.80; 
2.44; 1.15 
Estradiol benzoate 4 0.28 3.81 5.03; 3-38; 4.05; 2.80 
Testosterone and 7.00 
estradiol benzoate 5 0.28 3:97 2.443 4.453 4.123 
3-86; 4.01 
Eight weeks 
Control 2 1.36 1.293 1.43 
Testosterone 2 14.00 2.26 2.373 2.15 
Estradiol benzoate 4 0.56 4.39 2.87; 3.773 5-223 5.70 
Testosterone and 14.00 
estradiol benzoate 2 0.56 4.99 5-17; 4.81 


and number of osseous spicules in the primary spongiosa. The remain- 
ing 5 rats, 4 males and one female, showed no bone changes, nor did 
the metaphyses increase significantly in length or density. The varia- 
tions observed were not significant in this small series. Testosterone 
and estrogen, when given simultaneously every other day for 8 weeks, 
produced approximately the same effect as with estrogen alone. Testo- 
sterone did not repress the action of the estrogen on the epiphyseal 
cartilage of the rat (Table III). 

Immature rats treated with a crude extract of 17 a—estradiol benzo- 
ate showed a reaction far more intense than in rats treated with the 
re-crystallized hormone. This might have been due to the presence of 
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17 B-estradiol benzoate contained in the crude extract. The re-crystal- 
lized substance produced a response similar to that observed with the 
less potent estrogens. 

Immature rats treated with 3-methyl bisdehydrodoisynolic acid 
showed a reaction similar to that from estradiol benzoate. 


Tasre IV 


The Effect of Steroid Hormones and Hormone-Like Substances on the 
Skeleton of Immature Rats 


Length and density of the metaphysis 
Hormone 2 weeks 4 weeks 8 weeks 12 weeks 
Doses of 1.0 mg./wk. 
178-estradiol benzoate 2XN 3XN 4XN 
Crude 17a-estradiol benzoate 2XN 3XN 4XN 
Re-crystallized 17a-estradiol benzoate 2XN 2XN 
3-methy] bisdehydrodoisynolic acid N <2XN 3XN 4XN 
Varying doses 
Diethylstilbestrol, 2.0 mg./wk. N <2XN | <2XN | <3XN 
17a-ethinylestradiol, 0.35 mg./wk. N 2XN 2XN 
Testosterone propionate, 3.5 mg./wk. <2XN N N 
1.75 mg./wk. <2XN | <2XN 
Testosterone, 3.5 mg./wk. plus estradiol 
benzoate, 0.14 mg./wk. <2XN 2XN 2XN 
Testosterone, 1.75 mg./wk. plus estradiol 
benzoate, 0.07 mg./wk. 2XN 2XN 
Desoxycorticosterone, 30.0 mg. N 
86.0 mg. N 
152.0 mg. N 


Desoxycorticosterone acetate given in large doses to immature rats 
did not produce any effect upon endochondral ossification. 

Table IV shows the effects of steroid hormones and hormone-like 
substances upon the skeleton of rats. 


DISCUSSION 


The results presented herewith demonstrate that the action of 
estrogens on the bones of rats is confined to a specific effect upon one 
particular part of the “growth apparatus.” This effect is an inter- 
ference with a process involved in the readjustment of the architecture 
of the bone to its increase in length, i.¢e., the resorption of the spongy 
bone of the metaphysis. 

It is well known that, as the bones increase in length by growth at or 
near the epiphyseal cartilage, the extensions of the bony spicules with 
cores of cartilage matrix into the marrow cavity are kept thinned out 
and at approximately constant length by resorption, which keeps pace 
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with the growth in length. Interference with this resorption, then, 
unaccompanied by any interference with growth itself, results in an 
increase in length and density of the spongiosa of the metaphysis. 
Although the end result superficially resembles the production of en- 
dosteal bone induced in birds and in mice by the administration of 
estrogens, the excess bone is seen to retain the deeply staining cores of 
cartilage matrix which in the normal course of events should have 
been resorbed. 

It follows, once the mechanism of action of estrogens on the bones 
of rats is understood, that this action can manifest itself only in the 
presence of continuing growth, and more specifically growth by endo- 
chondral ossification. No similar action upon intramembranous growth 
of bone is to be expected, and Stahl e¢ a/.!* have shown that intra- 
membranous ossification, in the rat, is not affected by estrogens. 

Ross and McLean® showed that rats which had reached a growth 
plateau at the age of 6 months, could be induced to produce new 
metaphyseal bone by the administration of growth-promoting hor- 
mone. Day and Follis® found that they could not elicit a response to 
estrogens in rats of a similar age, and this agrees with the observations 
reported in this paper. These findings are consistent with the thesis of 
this paper, i.e., that the specific effects of estrogens on bone in rats are 
limited to the arrest of resorption, and provide further evidence that 
the estrogens do not have a growth-promoting function. 

Further evidence to the same effect is provided by the results of 
administration of estrogens to rachitic rats, reported in this paper. 
While growth persists in an abnormal fashion in the rachitic metaph- 
ysis, the process of resorption is at a standstill unless healing is 
under way. Under these circumstances it is not to be expected that 
estrogens will have any effect upon the rachitic metaphysis, and our 
findings are in agreement with this. Moreover, although Norman and 
Mittler** reported that estrogens are anti-rachitic in rats, our observa- 
tions do not confirm this report. 

The net result of the action of estrogens on the bones of growing 
rats is an increase in the length and density of the spongy bone of the 
metaphysis. But it is misleading to refer to the process itself as 
“hyperossification,” as others have done,*" since this implies an over- 
production of bone, rather than the failure to remove excess bone 
which is the actual mechanism of the process under consideration. 

In addition to establishing the character of the mechanism just 
referred to, certain observations herein reported throw further light on 
various aspects of the physiologic effects of the estrogens and related 
substances on the bones of rats, which will be referred to briefly. 
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Bremer‘*® reported that antagonistic reactions were observed in 
rats treated with theelin and testosterone. Under the conditions of our 
experiments there were no observable differences in the action of estro- 
gens in male and female rats. As to the male hormone, administration 
of testosterone propionate alone gave equivocal results, in so far as 
the effects on the growth apparatus were concerned (Table III). More 
data are needed. Testosterone, when given in combination with estro- 
gen, produced neither an antagonistic nor a synergistic effect. 3-methyl 
bisdehydrodoisynolic acid was found to be slightly less effective than 
estradiol benzoate in producing the characteristic failure of resorption 
of spongy bone in the rat, although it does not lead to endosteal bone 
formation in the mouse.* Desoxycorticosterone did not produce any 
effect on endochondral ossification, even in extremely large doses. 

The effects of different estrogens and estrogen-like substances as 
shown in Table IV are in agreement with the reports found in the liter- 
ature.'*1® The response of the skeleton to the various substances 
closely follows the metabolism of the estrogen. 

There was no acceleration of the appearance of ossification centers 
in either male or female rats under the conditions of our experiments. 
This is in agreement with the results of Noback e¢ al.’® Newborn 
rats treated from the day of birth are more resistant to the skeletal 
effects of estrogen than are weanling rats. Histologic and roentgeno- 
graphic observations show that there is no effect upon the resorption 
before 21 days, when administration is initiated on the day of birth 
and continued in stimulating doses. Again there is no difference in the 
response of male and of female rats. 

Recovery of the normal mechanism of resorption of metaphyseal 
spongiosa, after administration of estrogens, occurs rather slowly, 
especially if large doses are given. Renewal of the resorption process 
is first seen at the level of the junction of the primary spongiosa and 
the epiphyseal plate, so that the dense metaphyseal bone, character- 
istic of the effect of estrogens, becomes separated from the epiphyseal 
plate by a zone of normal endochondral ossification. Eventually, how- 
ever, complete recovery occurs, with removal of the excess bone of 
the metaphysis. 

Finally, it should be noted that there is no evidence, from human 
material, that the effects of estrogens on growing children in any way 
resemble the effects on rats. The results herein reported are not in- 
tended to be extrapolated to man, and there is no justification for 
doing so. It appears that there are characteristic differences for the 
species which have been studied,’ and it is the purpose of this paper 
to record and interpret the results observed in rats. 
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SUMMARY AND CONCLUSIONS 


The action of moderate doses of estrogen upon the bones of rats is 
confined to a specific effect upon one particular part of the growth 
apparatus, i.e., interference with resorption of the spongy bone in the 
metaphysis. 

The density of the metaphysis and the length of the non-resorbed 
spongiosa are, within the limits of the tolerance of the animal, directly 
proportional to the dose and to the period of administration, and are 
also dependent upon the age of the animal. 

Newborn rats, treated with estrogen from the day of birth, show 
none of these changes until 21 days. 

Immature rats show appreciable differences in their response to 
estrogen. The maximum response is produced when administration of 
estrogen is initiated when the animal is approximately 30 days old. 
Younger rats (13 days old) show a much smaller response. 

Rats treated with various doses of estrogens recover from the effects 
with respect to the normal growth of bone. 

Testosterone propionate alone did not consistently produce the re- 
actions which followed administration of estrogens. There is neither 
inhibitory nor synergistic action of testosterone when given with 
estrogen. 

Since the effect of estrogens on the bones of rats is limited to a spe- 
cific action upon one part of the growth apparatus, which is concerned 
only with endochondral growth of bone, no similar action upon intra- 
membranous ossification occurs. - 


Crystalline steroid hormones and hormone-like substances were provided by Dr. 
Kenneth W. Thompson of Roche Organon, Inc., Dr. E. C. Reifenstein of Ayerst, 
McKenna & Harrison, Ltd., Dr. Erwin Schwenk of the Chemical Research Division 
of the Schering Corporation, and Dr. F. E. Houghton of Ciba Pharmaceutical Prod- 
ucts, Inc. 
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DESCRIPTION OF PLATES 183-186 


Photomicrographs of histologic sections of the upper end of tibiae in immature 
rats treated with estradiol benzoate. The density of the metaphyses and the length of 
the spongiosa can be determined by comparison with the normal, and the length is 
expressed by symbols of multiples of N. (N = normal.) Hematoxylin-eosin and 
azure stain. X 25. 


PLATE 183 


Fic. 1. Control. N is the normal length of the metaphysis. 
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PLATE 184 


Fic. 2. Moderately large dose of 2.0 mg., observed after a period of 2 weeks. An 
increase in the length of the spongiosa up to 4 mm. is designated as 2 X N. 
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PLATE 185 


Fic. 3. Large dose of estrogen (8.0 mg.) given over a period of 3 weeks. An increase 
in the length of the spongiosa to 4 to 6 mm. is designated by 3 X N. 
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PLATE 186 


Fic. 4. Large dose of estrogen (8.0 mg.) given over a period of 5 weeks. An increase 
in the length of the spongiosa up to 6 to 8 mm. is designated by 4 X N. 
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PLATE i87 


Roentgenograms of the tibiae of rats shown in Figures 1 to 4. The metaphyses 
increase in length and density with continuous estrogen administration so that the 
spongiosa is indistinguishable from compact bone. X 2. 


Fic. 5. Tibia of the control rat shown in Figure 1. The length of the metaphysis is N. 


Fic. 6. Tibia of the estrogen-treated rat shown in Figure 2. The length of the metaph- 
ysis is 2X N. 


Fic. 7. Tibia of the estrogen-treated rat shown in Figure 3. The length of the metaph- 
ysis is 3 X N. 


Fic. 8. Tibia of the estrogen-treated rat shown in Figure 4. The length of the metaph- 
ysis is 4 X N. 
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PLATE 188 


Roentgenograms of the tibia of a rat treated with a single dose of 4.0 mg. of 
estradiol benzoate followed by a period of growth. X 4. 


Fic. 9. Five weeks after treatment was discontinued, the metaphysis is still influ- 
enced by the slowly absorbing estrogen in oil. 


Fic. 10. At 8 weeks of recuperation or growth, the metaphysis shows a decrease in 
density. 


Fic. 11. At 14 weeks of recuperation the metaphysis is normal and the effects of the 
estrogen are no longer apparent. 
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May-June). 

Does brucellosis cause calcific aortic stenosis? II. The Pathologic 
evidence. (Peery: May-June) 
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Dog—Bacteriologic studies of the x-radiated . . (Furth, Coulter, 
and Howland: March-April) 

Experimental endocarditis’ and other changes i in dogs with arter- 
iovenous fistulas and bacteremia. (Bobb, Aegerter, and Anderson: 


May-June) 
Morphologic alterations in the kidney during prolonged, experi- 
mental renal and neurogenic hypertension in the . (Goldman, 


Schroeder, and Dammin: May-June) 

——Observations on the Gomori substance in the ‘hypothalamus of 
dogs and rats under normal and eareaneneel conditions. (Lagueur: 

May-June) 

Probable Hodgkin’ s disease in a . " (Bloom: May-June) 

Studies of the clotting defect in dogs ‘following total body irradia- 

tion. (Penick: May-June) 

——The effect of aureomycin on the radiation s yndrome i in dogs. ‘(F urth, 
Coulter, and Howland: January-February) 

—tThe effect of low dosage total body irradiation on the hematopoietic 
system of dogs. (Van Baaren, Ragaz, and Angevine: May-June) . 

——tThe effects of fluid and electrolyte balance on bilaterally nephrec- 
tomized dogs. (Orbison, Christian, and Peters: May-June) : 

Duck—Tumors produced by methylcholanthrene in the . : papilloma, 
squamous cell carcinoma, and hemangioma. (Rigdon: May-June) 


Echography—Further pilot echographic studies on the histologic struc- 
ture of tumors of the living intact human breast. (Wild and Reid: 
September-October) . 

Effect of aureomycin and terramycin on the x-radiated rat. (Furth, 
Coulter, and Howland: March-April) 

Effect of aureomycin on the radiation syndrome in ‘dogs. (Furth, 
Coulter, and Howland: January-February) 

Effect of beta rays on the skin as a function of the | energy, intensity, 
and duration of radiation. (Moritz and Henriques: May-June) 
Effect of estrogens on the growth apparatus of the bones of immature 

rats. (Budy, Urist, and McLean: November-December) 

Effect of gamma radiation on antibody production and immunity. (H ale, 
and Stoner: May-June) 

Effect of inorganic urine phosphate on the development of hemo- 
globinuric nephrosis in rabbits. (Lalich: May-June) . 

Effect of low dosage total body irradiation on the hematopoietic system 
of dogs. (Van Baaren, Ragaz, and Angevine: May-June) 

Effect of repeated x-radiation of the whole body on the development 
of tumors in rats fed p-dimethyl-amino-azobenzene. (Hoch-Ligeti: 
May-June). 

Effect of whole body ‘x-radiation upon cell division in " radiosensitive 
and tissues. (Williams, and Jaffe: May- 
June 

Effect of x-rays on the virus-host cell relationship. " (Cheever: May- June) 

Effects of fluid and electrolyte balance on bilaterally ee 
dogs. (Orbison, Christian, and Peters: May-June) : 

Effects of radioactive gold on the rat liver. (Koletsky: May- June) . 

Effects of tissue extracts and of protein-split products upon leukocytes 
and upon capillary permeability. (Tershakovec and Moon: May- June) 

Effects of total body radiation on a chronic, latent infection in which 
immunity is not dependent on the spleen (toxoplasmosis). (Fren- 
kel, Jacobs, and Melion: May-June) 

Effects of x-ray on trichina larvae. (Gould: May- June) ‘ 

Effects on the white mouse of a single whole-body exposure to 190 mev. 
deuterons. (Rosahn, Tobias, and Lawrence: January-February) 
Electron microscopy—The structural basis of sickling and its... . 

(Rebuck, Monto, and Sturrock: May-June) 
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Electrophoretic study of the origin of the abnormal plasma proteins 
in — myeloma. (Miller, Brown, Miller, and Eitelman: May- 

Encephalomyelitis—Interaction between eastern equine . . virus and 
certain resorcinol derivatives. (Sanders, Kabara, Soret, and Akin: 

Endocarditis—Experimental . . and other changes in dogs with ar- 
teriovenous fistulas and bacteremia. (Bobb, Aegerter, and Anderson: 
May-June) . 

Endophlebohypertrophy and ’ phlebosclerosis. II. The external and 
common iliac veins. (Lev and Saphir: May- _ 

Epidemic hemorrhagic fever—The of . (Hullinghorst: 
May-June). 

. . fetalis. (Kellner and Hedal: May- 
June 

Estrogen—The effect of estrogens on the growth apparatus of the bones 
of immature rats. (Budy, Urist, and McLean: November-December) 

Ethionine—Hepatic and pancreatic changes produced in rats by... 
and their relation to human lesions. (Popper, de la Huerga, and 
Koch-Weser: May-June) 

Experimental atherosclerosis in the rat. (Bragdon and "Boyle: May-June) 

Experimental coccidioidal granuloma. Developmental stages of spor- 
angia in mice. (Tarbet, Wright, and Newcomer: September-October) 

Experimental endocarditis and other changes in dogs with arteriovenous 
fistulas and bacteremia. (Bobb, Aegerter, and Anderson: May-June) 

Experimental endogenous lipoid pneumonia. (Gross, Brown, and Hatch: 
March-April)... 

Experimental erythroblastosis fetalis. (Kellner and Hedal: May-June) 

Extrahepatic obstructive jaundice in liver 
Popper, and Manuell: May-June) . 


Factors concerned in the development of experimental testicular tumors 
in rats. (Biskind, Bernstein, and Biskind: May-June) s 

Familial diabetes mellitus in mice, associated with insulin resistance, 
obesity, and hyperplasia of the islands of ae. ( Bleisch, 
Mayer, and Dickie: May-June) 

Fibroelastosis—Anoxia as a cause of endocardial . .in ee (John- 
son: May-June 

Fibroplasia—The inhibitory effect of beta radiation (P22) on...in rat 
skin. (Lushbaugh and Storer: May-June) . . 

Fluorescent microscopy—Histochemical and fluorescent microscopic 
studies of ground substance. (Joel and Hopps: May-June) : 

Form of hepatitis in the neonatal period a biliary atresia. 
(Craig and Landing: May-June) 

Frozen sectioning. A new and — method. (Bush and Hewitt: Sep- 
tember-October) . 

Further pilot echographic studies on the histologic structure of tumors 
of the living intact human breast. (Wild and Reid: September- 
October) 

Further studies on the ‘pathogenesis of urate calculi in the urinary t tract 
of white rats. (Ungar and Ungar: March-April) . 


Gamma rays—Lesions in swine exposed to total body gamma radiation 
from an atomic bomb source. (Tullis, Lamson, and Madden: 
May-June) . 

General pathology of radiation reaction. (Warren: May-June) . : 

Giant cell myocarditis. (Kean and Hoekenga: November- December) 

Giant cells—The clinicopathologic significance of multinucleated . 
in the tubular epithelium of the kidney. (Ladewig: May- June) ; 

Glioblastoma multiforme—A the method. 
(Klatzo: May-June) . 
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Glomerulonephritis—Chronic ... and nephrotic syndrome induced in 

rats by N,N’-diacetyl-benzidine. = Miller, and Miller: 

May-June) . 

Studies on the pathogenesis of . (Hopes, Kelly, and "Engles: 

May-June) 

Glomerulus—Histochemical correlations in ischemic obsolescence of 

glomeruli. (McManus and Lupton: May-June) . 

Phase microscope studies of renal glomeruli. Glomerular deposits 

of “hyaline” substances. (Churg and Grishman: May- -June) 

——The normal... and its basic reactions in disease. ee Far- 
quahar, Jung, and Abul- Haj: May-June) . 

Glycogen—Observations on the persistence of hepatic . . after death. 

(Morrione and Mamelok: May-June) 

The occurrence and distribution of ... in hemangioma, dermato- 

fibrosarcoma protuberans, hemangiopericytoma, and Kaposi’s 

sarcoma. (Bangle: November-December) 

Gomori substance—Observations on the ... in the hypothalamus of 
dogs and rats under normal and experimental conditions. (Lagueur: 

Granuloma—Experimental coccidioidal . . Developmental stages of 
sporangia in mice. (Tarbet, Wright, ‘and Newcomer: netasicas 
October) : 

——Myocarditis, arteritis, and focal hepatic, ‘splenic, and renal gran- 
ulomas apparently due to penicillin sensitivity. (Waugh: May-June) 

——Necrotizing granulomatosis with angiitis and the atypical pneu- 
monitides. (Fienberg: May-June) . . 

Graphitosis—The application of x-ray ‘diffraction in pathology (with 
particular reference to pulmonary ...). (MacMahon: May-June) 

Ground substance—Histochemical and fluorescent a studies 
of . (Joel and Hopps: May-June) 5 

Guinea-pig—Modification of acute irradiation injury in mice and guinea- 
pigs by bone marrow injections: a histopathologic study. (Cong- 
don, Uphoff, and Lorenz: May-June) : 

——Splenomegaly and Kurloff cell —, in guinea. pigs: ‘treated 
with stilbestrol. (Nadel: May-June) : 


Hamartoma of the spleen. A report of four cases. (Coe and Von Drashek: 
July-August) . 

Hamster—The pathology of cortisone-enhanced poliomyelitis in the 

. following intracerebral inoculation of strain MEF,. (Aron- 

Heart—Anitschkow cell sarcoma of the . . (Mainwaring and Ayres: 

September-October) 

Anoxia as a cause of endocardial fibroelastosis in infancy. (John- 

son: May-June) 

Interstitial pneumonia and focal myocarditis in " poliomyelitis. 

(Jurow and Dolgopol: May-June) 

——Myocarditis, arteritis, and focal hepatic, splenic, and renal granu- 

lomas apparently due to penicillin sensitivity. (Waugh: May-June) 

Tuberculous lesions of the circulatory system. Report of two cases. 

(Neumann: September-October) 

Hemagglutination test in pulmonary tuberculosis. (Cruickshank ‘and 
Wicks: May-June) . : 
Hemangioma—The occurrence and distribution of “glycogen 

dermatofibrosarcoma protuberans, hemangiopericytoma, and Ka- 
posi’s sarcoma. Bangle: November-December) 
Hemangiopericytoma: histologic and tissue culture studies. (Fisher, 
Kaufman, and Mason: July-August) 
——The occurrence and distribution of glycogen in ‘hemangioma, derma- 
tofibrosarcoma protuberans, ..., and Kaposi’s sarcoma. (Bangle: 
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Hemi-atrophy—The nature of agenesis and deficiency of parts. The 
influence of intrinsic factors in disease when development of the 
body is abnormal, as illustrated by agenesis of the digits, facial. . ., 
and cerebral agyria and microgyria. (Inglis: May-June) sok 

Hemoceroid—Ceroid-like pigments, ... and hyaloceroid, in ather- 
omatous lesions of human subjects. (Hartroft: May-June) . 

Hemochromatosis—Observations on exogenous... apparently due to 
multiple transfusions. (Graef, Gordon, Newman, — and Klein: 
May-June) 

Hemoglobin-derived and iron-storage pigments in cells: microspectro- 
scopic analysis. (Mellors: May-June) 

Hemoglobinuria—The effect of inorganic urine phosphate ‘on the de- 
velopment of hemoglobinuric nephrosis in rabbits. (Lalich: May- 


Hemorrhage—Pontine ... in intracranial ae (Fields and 

Halpert: May-June). . 

Pulmonary... in infants. A descriptive study.  (Ahvenainen and 

Call: January-February) 

Pulmonary .... Experimental studies. (Ahvenainen and Call: 

Relation of ... to hematopoiesis, blood coagulation and mortality 


after total body x-irradiation. (Rosenthal: May-June) 

Hemosiderin—Hemoglobin-derived and iron-storage pigments in cells: 

microspectroscopic analysis. (Mellors: May-June) ; 

Iron deposits in the brain compared with similar deposits i in spleen, 

liver, lungs, and other organs, and their relationship to mental 

diseases and age. (Strassmann: May- June) 

Hepatic and pancreatic changes produced in rats by ethionine and their 
relation to human lesions. (Popper, de la Huerga, and Koch-Weser: 
May-June) 

Heredity—Familial diabetes mellitus in mice, associated with insulin 
resistance, obesity, and hyperplasia of the islands of Langerhans. 
(Bleisch, Mayer, and Dickie: May-June) 

Histamine—Pathologic changes in the gastric mucosa of the rat after 

. administration. (Cambel and Sgouris: November-December) . 

Histochemical and fluorescent microscopic studies of ground substance. 
(Joel and Hopps: May-June) . 

Histochemical and morphologic differentiation of induced tumors of 
the liver in rats. (Firminger and Mulay: May-June) 

Histochemical correlations in ischemic obsolescence of " glomeruli. 
(McManus and Lupton: May-June) . 

ae study of irradiated bone. (Burstone: November-De- 
cember 

Histochemical study of the distribution and fate of dextran in tissues 
of the mouse. (Mowry and Millican: May-June) 

Histogenesis of malignant mixed tumors of Miillerian origin (mixed 
mesodermal tumor of the uterus). (Clark, Sternberg, and Smith: 
May-June) . 

Histologic effects of therapeutic doses of radioactive iodine on the 
thyroid gland of man. (Vickery: May-June) . 

Histology of antigenically stimulated lymph nodes in rabbits given 
ACTH or cortisone. (Craig: July-August) : 

Histology of the exteriorized gastric mucosa of the ‘rat. (Stevens ‘and 
Toovey: May-June) . 

Histopathology of Coxsackie virus infection in mice. I. Morphologic 

observations with four different viral types. (Godman, Bunting, 

and Melnick: March-April) 

. II. Histochemical observations on the lesions in muscle and fat. 

(Godman, Bunting, and Melnick: hoe? August) 

Histoplasmosis—Sarcoidosis and . and Pinkerton: May- 
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Hodgkin’s disease—Probable ... in a dog. (Bloom: May-June) 
Hyalin—Phase microscope studies of renal glomeruli. Glomerular de- 
posits of “hyaline” substances. (Churg and Grishman: May-June) 
Hyaloceroid—Ceroid-like pigments, hemoceroid and ..., in ather- 
omatous lesions of human subjects. (Hartroft: May-June) . 
Hypersplenism—The spleen in... . (Leffler: March-April) 
Hypertension— Morphologic alterations in the kidney during prolonged 
experimental renal and neurogenic ... in the dog. (Goldman, 
Schroeder, and Dammin: May-June) 
Pathogenesis of polyarteritis nodosa in hypertensive rats. (Race 
and Peschel: May-June) . 
Pontine hemorrhage in intracranial ... . ‘(Fields and Halpert: 
May-June) 
Hypophysis—Pituitary necrosis in routine necropsies. ‘(Plaut: May- 
June, 542*; September-October) 
Hypothalamus—Observations on the Gomori substance in the ... of 
dogs and rats under normal and a conditions. (La- 


I'%——Histologic effects of therapeutic doses of radioactive iodine on 

the thyroid gland of man. (Vickery: May-June) 

Morphology of transplantable pituitary tumors induced by radio- 

wena) iodine and the associated secondary changes. (Furth: May- 

une) . 

—Skeletal development ‘and degenerative joint disease in mice treated 
iodine (...). (Silberberg and Silberberg: May- 
June 

Icterus—Extrahepatic obstructive jaundice i in liver biopsy specimens. 
(Szanto, Popper, and Manuell: May- June) . 

Identification of types of pulmonary cancer in cytologic smears. (Foot: 
November-December) 

Immunity to tumors transplanted in the brain of heterologous hosts. 
(Eichwald, Rambo, and Henry: May-June) 

Incipient adenocarcinoma of the stomach in peptic ‘ulcer. Report of 
two cases. (Yesner: May-June) 

seas ep fibroid polyps of the stomach. (Helwig and Ranier: May- 
June) . 

Inhibitory effect of beta radiation (P22) ‘on ‘ fibroplasia in rat skin. 
(Lushbaugh and Storer: May- June) : 

Insulin—Familial diabetes mellitus in mice, associated with . re- 
sistance, obesity, and hyperplasia of the islands of Langerhans. 
(Bleisch, Mayer, and Dickie: May- jane). 

Interaction between eastern equine encephalomyelitis ‘virus ‘and 
certain resorcinol derivatives. (Sanders, Kabara, Soret, and Akin: 
May-June) 

Interstitial pneumonia and focal myocarditis in poliomyelitis. cc urow 
and Dolgopol: May-June) 

Intraepidermal basal cell epithelioma. (Lund: "May -June) 

Iron deposits in the brain compared with similar deposits in spleen, 
liver, lungs, and other organs, and their relationship to mental 
diseases and age. (Strassmann: May-June) 

Irradiation—A correlation of morphologic with metabolic change i in 1 rat 
skin following exposure to beta (Sr) radiation. (Lushbaugh and 
Hale: May-June) 

——A histochemical study of irradiated bone. (Burstone: November- 
December) 

——A study of vascular reaction ‘to radiation: " rabbit ear chamber 

technic. (Moseley, Lushbaugh, and Hale: May-June) 

Bacteriologic studies of the x-radiated Coulter, ‘ond 

Howland: March-April) . ‘ 
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Cellular changes after ionizing radiation: histochemical study and 

ultra-violet microscopy. (Sommers, Holt, and Warren: May-June) 

Comparative histologic effects of 400 kilovolt and 23 million elec- 

tron volt x-rays on the long bones of young albino rats. (Cauldwell 

and Bennett: May-June) 

Correlation of bone marrow injury with mortality in different 

species of irradiated mammals. (Brecher and Cronkite: May-June) 

Effect of repeated x-radiation of the whole body on the development 

of tumors in rats fed p-dimethyl-amino-azobenzene. (Hoch- Ligeti: 

Effects of radioactive gold on the rat liver. (Koletsky: May-June) 

Effects of total body radiation on a chronic, latent infection in 

which immunity is not dependent on the spleen st 

(Frenkel, Jacobs, and Melton: May-June). . : 

——Effects of x-ray on trichina larvae. (Gould: May-June) . 

——Effects on the white mouse of a single whole-body exposure to 
190 mev. deuterons. (Rosahn, Tobias, and Lawrence: January- 
February) . 

—Histologic effects of therapeutic doses of radioactive iodine on the 
thyroid gland of man. (Vickery: May- June) . 

——Lesions in swine exposed to total body gamma radiation from an 

atomic bomb source. (Tullis, Lamson, and Madden: May-June) . 

Leukemia in human exposees to the Hiroshima and Nagasaki 

atomic bombs. (Black-Schaffer, Kambe, Matsuoka, Watanabe, and 

Modification of acute’... injury in mice and guinea-pigs by bone 

marrow injections: a histopathologic study. (Congdon, Uphoff, and 

Lorenz: May-June) 

Morphology of transplantable pituitary tumors induced by radio- 

ps iodine and the associated secondary changes. (Furth: a 

June) . 

Nuclear changes following . _ of tumors. (Brues: May- June) . 

Pathologic changes in parabiotic rats after hemi- adrenalectomy 

and x-radiation. (Edwards and Sommers: 

——Primary osteogenic sarcoma following x-. ‘ (Blumberg ‘and 

Hufner: May-June) . 

Relation of hemorrhage ‘to hematopoiesis, blood coagulation ‘and 

mortality after total body x-. (Rosenthal: May-June) . : 

—Skeletal development and degenerative joint disease in mice 

treated with radioactive iodine (I'*!). (Silberberg and Silberberg: 

May-June). 

Some autoradiographic studies of the distribution of P®? and S* 

in mammalian tissues. (Holt and Warren: May-June) . 

Some similarities of action between ionizing radiation and sulfhy- 

dryl enzyme inhibition in vivo. (Hicks: May-June) ._ . 

Studies of the clotting defect in dogs following total body . 

(Penick: May-June) . 

——The effect of aureomycin and ‘terramycin on the x-radiated rat. 

(Furth, Coulter, and Howland: March-April) 


——tThe effect of aureomycin on the radiation syndrome jin ‘dogs. 


(Furth, Coulter, and Howland: January-February) 
——The effect of beta rays on the skin as a function of the ‘energy, 
— and duration of radiation. (Moritz and Henriques: May- 
June) . 
The effect of gamma radiation on antibody production and im- 
munity. (Hale and Stoner: May-June) ; 
——The effect of low dosage total body ... on the ‘hematopoietic 
system of dogs. (Van Baaren, Ragaz, and Angevine: May-June) . 
——tThe effect of whole body x-radiation upon cell division in radio- 
sensitive and radioresistant tissues. (Williams, deLong, and Jaffe: 


1181 
543* 
547* 
551* 
565* 
552* 
555* 
554* 
37 
552* 
545* 
548* 
551* 
548* 
547* 
545* 
563* 
549* 
569* 
556* 
544* 
550* 
185 
25 
567* 
554* 
552° 
546* 


1182 INDEX OF SUBJECTS 


The effect of x-rays on the virus-host cell relationship. (Cheever: 
May-June) 

The general pathology of radiation reaction. (Warren: May-June) 
——tThe inhibitory effect of beta radiation (P**) on ne in rat 
skin. (Lushbaugh and Storer: May-June) . 

The pathology of the acute radiation syndrome in man. ' (Lisco: 
May-June) 

The Telation between morphologic ‘and immunologic changes 
caused by radiation. (Dixon and Talmage: May-June). . 
——Therapy of the x-... syndrome with terramycin. (Coulter, Furth, 
and Howland: September- October) ‘ 


Kaposi’s sarcoma—The occurrence and distribution of glycogen in 
hemangioma, dermatofibrosarcoma protuberans, hemangiopericy- 
toma, and... . (Bangle: November-December) : 

Kidney—Chronic glomerulonephritis and nephrotic syndrome induced in 

rats by N,N’-diacetyl-benzidine. (Harman, Miller, and Miller: 

Morphologic alterations in the... during prolonged experimental 

renal and neurogenic hypertension in the dog. (Goldman, Schroeder, 

and Dammin: May-June) 

— Myocarditis, arteritis, and focal hepatic, splenic, and renal granu- 

lomas apparently due to penicillin sensitivity. (Waugh: May-June) 

Phase microscope studies of renal glomeruli. Glomerular deposits 

of “hyaline” substances. (Churg and Grishman: May-June) . 

Studies on the pathogenesis of glomerulonephritis. (Hopps, Kelly, 

and Engles: May-June) . . 

——The clinicopathologic significance of multinucleated giant ‘cells in 

the tubular epithelium of the. (Ladewig: May-June) 

The effects of fluid and electrolyte balance on bilaterally nephrec- 

tomized dogs. (Orbison, Christian, and Peters: May-June) . 

——The normal glomerulus and its basic reactions in disease. ( Rine- 
hart, Farquahar, Jung, and Abul-Haj: May-June) . 

Kurloff cell—Splenomegaly and. —, in are pigs ‘treated 
with stilbestrol. (Nadel: May-June) : 5. 


Lathyrus odoratus—Scoliosis and dissecting aneurysm of the aorta in 
rats fed with ... seeds. (Ponseti and Baird: November-December) 

Leiomyoma—Reticulum pattern in smooth muscle tumors. (Mulligan: 
May-June). 

Leprosy—Demonstration of acid-fast bacilli in tissue sections. (Wade: 
January-February) . 

Lesions in swine exposed to total body gamma radiation from an atomic 
bomb source. (Tullis, Lamson, and Madden: May-June) . 

Leukemia—Development of acute ... in human adults. (Block and 
Jacobson: May-June) . 

Leukemia in human exposees to the Hiroshima and Nagasaki atomic 
bombs. (Black-Schaffer, Kambe, Matsuoka, Watanabe, and Wede- 
meyer: May-June) . 

Lipid deposition in aortas in younger ‘age groups following cortisone 
and adrenocorticotrophic hormone. (Etheridge and Hoch-Ligeti: 

Lipoid pneumonia—Experimental endogenous ... + (Gross, Brown, 
and Hatch: March-April) 

Liver—A form of hepatitis in the neonatal period simulating biliary 

atresia. (Craig and Landing: May-June). . 

Biopsy of the ... in infectious mononucleosis. (Wadsworth “and 

Keil: May-June, 517*; November- 

Effects of radioactive gold on the rat . . (Koletsky: May- June) 

Extrahepatic obstructive jaundice “eg biopsy specimens. 

(Szanto, Popper, and Manuell: May-June) 
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——Hepatic and pancreatic changes produced in rats by ethionine and 
their relation to human lesions. (Popper, de la Huerga, and Koch- 
Weser: May-June) . 

——Histochemical and morphologic differentiation of induced tumors 
of the... in rats. (Firminger and Mulay: May-June) 

——Myocarditis, arteritis, and focal hepatic, splenic, and renal granu- 
lomas apparently due to penicillin sensitivity. (Waugh: May-June) 

——Observations on the persistence of hepatic glycogen after death. 
(Morrione and Mamelok: May-June) 

——The dissolution of fatty cysts in precirrhotic and cirrhotic livers 
of choline-deficient rats treated with lipotropic factors. (Hartroft 
and Sellers: May-June) . 

Liver damage in ulcerative colitis. (Kimmelstiel, Large, and Verner: 
March-April) . 

Loss of tumor-immune activity from serum following exposure to in- 
jured lymphoid cells. (Stoerk: May-June). 

Lung—Aspiration of gastric contents. An experimental study. (Tea- 

beaut: January-February) 

Experimental endogenous lipoid pneumonia. Gross, Brown, “and 

Hatch: March-April) . 

Interstitial pneumonia and focal myocarditis in Poliomyelitis. 

(Jurow and Dolgopol: May-June) 

Necrotizing granulomatosis with angiitis and the atypical pneu- 

monitides. (Fienberg: May-June) 

——Primary alveolar cell carcinoma of the . . (Fisher: May-June) 

Pulmonary fibrosis secondary to pneumonia. (Auerbach, Mims, 

and Good pasture: January-February) 

Pulmonary hemorrhage in infants. A ee study. (Ahve- 

nainen and Call: January-February) . 

Pulmonary hemorrhage. Experimental studies. " (Ahvenainen “and 

Call: March-April) 

——The absence of lipid in pulmonary ‘arteriolar sclerosis. (Spain and 
Rosenshein: May-June) 

——tThe application of x-ray diffraction in pathology (with particular 
reference to pulmonary graphitosis). (MacMahon: May-June) 
——tThe bronchial arteries. III. Structural changes after division of 
the rat’s left pulmonary artery. (Ellis, — and Edwards: 

January-February) 

——The identification of types of pulmonary cancer in cytologic: smears. 
(Foot: November-December) 

——The muscle tissue of the. . . in chronic pulmonary disease. (Liebow, 

Loring, and Felton: May- June) . 

Transpulmonary passage of tumor cell emboli. (Zeidman “and 

Buss: May-June) 

Lymph nodes—The histology of antigenically stimulated ... in rab- 

bits given ACTH or cortisone. (Craig: July-August) : 


Mammals—Shock disease in captive wild . . (Christian and Ratcliffe: 
July-August)... 

Mechanism of action of cortisone on " experimental serum sickness. 
(Germuth: May-June) . 

Melanoblastoma—The comparative morphogenesis of the ‘dermo-epi- 
dermal nevi and malignant melanoma. sneausecsiel and Rappoport: 
May-June) . 

Membership list—American Association of | Pathologists | and Bac- 
teriologists. (July-August) . 

Meningioma—The pathology of. meningiomas. A study of 121 cases. 
(Lapresle, Netsky, and Zimmerman: September-October) 

Mesodermal tumor—The oe of malignant mixed tumors of 
Miillerian origin (mixed ... of the uterus). (Clark, Sternberg, and 
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Metabolism—Neotetrazolium as a histochemical index of cell ... in 
the ovary. (Foraker and Denham: May- June) 

Metaplasia, hyperplasia, and neoplasia in the uterine cervix during 
pregnancy. (Reagan, Redding, and Merrill: May-June) 


Methylcholanthrene—Properties of transplantable .. .-induced ‘sar- 
comas in the newt. (Breedis: May-June). . 
Tumors produced by ... in the duck: papilloma, ‘squamous “cell 


carcinoma, and hemangioma. (Rigdon: May-June) . 

Microgyria—The nature of agenesis and deficiency of parts. The in- 
fluence of intrinsic factors in disease when development of the body 
is abnormal, as illustrated by agenesis of the digits, facial hemi- 
atrophy, and cerebral agyria and. (Inglis: May-June) 

Microspectroscopy—Hemoglobin- derived and iron- storage pigments 
in cells: microspectroscopic analysis. (Mellors: May-June) 

Mixed tumors of the skin. (Morehead: May-June) , 

Modification of acute irradiation injury in mice and guinea-pigs by 
bone marrow injections: a Uphoff, 
and Lorenz: May-June) . 

Mononucleosis—Biopsy of the liver i in infectious . . (Wadsworth and 
Keil: May-June, 517* ; November-December) : 

Morphologic alterations in the kidney during prolonged experimental 
renal and neurogenic hypertension in the dog. — Schroeder, 
and Dammin: May-June) 

Morphology of the malignant squamous cell. A study of six thousand 
cells derived from squamous cell carcinomas of the uterine cervix. 
(Reagan and Moore: January-February) 

Morphology of thrombotic thrombocytopenic purpura with demonstra- 
tion of aneurysms. (Orbison: January-February) . 

Morphology of transplantable pituitary tumors induced by radioactive 
iodine and the associated secondary changes. (Furth: May-June) 

Mouse—A histochemical study of the distribution and fate of dextran 


in tissues of the. (Mowry and Millican: May-June) ‘ 
Effects on the white ... of a single whole-body exposure to 190 
mev. eam (Rosahn, Tobias, and Lawrence: January-Feb- 
ruary 


Experimental coccidioidal granuloma. Developmental stages of 
sporangia in mice. seal iain and Newcomer: September- 
October) 

Familial diabetes mellitus i in mice, associated with insulin resistance, 

obesity, and hyperplasia of the ‘islands of 

Mayer, and Dickie: May-June) aT 

Modification of acute irradiation injury in mice and guinea- pigs by 

bone marrow injections: a histopathologic study. —— Uphoff, 

and Lorenz: May-June) . 

——Skeletal development and degenerative joint disease i in mice ‘treated 
June) . 

The histopathology of Coxsackie virus infection i in mice. : Mor- 

phologic observations with four different viral — es 

Bunting, and Melnick: March- April) 

The histopathology of Coxsackie virus infection i in mice. ‘I. Histo- 

chemical observations on the lesions in muscle and fat. (Godman, 

Bunting, and Melnick: July-August) ‘ 

Muscle—Studies on the nature and pathogenesis of muscular degenera- 
tion in cortisone-treated rabbits. (Ellis: May-June) . 

Muscle tissue of the lung in chronic ener disease. (Liebow, 
Loring, and Felton: May-June) . 

Myeloma—An electrophoretic study of the origin ‘of ‘the abnormal 
plasma proteins in multiple... . — Brown, a and 

Eitelman: May-June) 
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——tThe precipitin test for Bence Jones protein: report en the serologic 
tests on urine of 1000 individuals, employing antibody prepared by 


the adjuvant technic. — and Jackson: May-June) 
Myocarditis—Giant cell . aad and Hoekenga: N ovember-De- 

cember) 

Interstitial pneumonia and focal... in poliomyelitis. (Jurow and 


Dolgopol: May-June) 
Myocarditis, arteritis, and focal hepatic, splenic, and renal granulomas 
apparently due to penicillin sensitivity. (Waugh: May-June) . 
Myocarditis in association with varicella. (Hackel: May-June) . 
Myo-epithelial cell in the normal breast. (Gershon-Cohen and Ingleby: 
May-June) 
Myo-epithelioma—Clear cell ... of the skin. Report of ten cases. 
(Lever and Castleman: July- August) 


Natural history of the lesions in sarcoidosis. (Barrie and Bogoch: 
May-June). 

Natural resistance and acquired immunity to tumors transplanted to the 
anterior chamber of homologous hosts. (Eichwald, Chang, and 
Hattori: May-June) . 

Nature of agenesis and deficiency of parts. The influence of intrinsic 
factors in disease when development of the body is abnormal, as 
illustrated by agenesis of the digits, facial hemi-atrophy, and 
cerebral agyria and microgyria. (Jmglis: May-June) 

Necrosis—Pituitary ... in routine necropsies. (Plaut: May-June, 542°; 
September- October) . : 

Necrotizing granulomatosis with angiitis and the atypical ‘pneumoni- 
tides. (Fienberg: May-June) 

N,N’-diacetyl-benzidine— Chronic slomerulonephritis and nephrotic 
syndrome induced in rats by . aeeiamede Miller, and Miller: 
May-June) 

Neoplasia—See also under anatomical location. 

——See also under specific neoplasm. 

Calcification in intracranial neoplasms. (Martin and Lemmen: 

November-December) 

Carcinolytic action of a series of new biologically significant 

dihydrotriazines. (Farber, Diamond, Foley, and Modest: May-June) 

——Effect of repeated x-radiation of the whole body on the develop- 
ment of tumors in rats fed p-dimethyl-amino-azobenzene. (Hoch- 
Ligeti: May-June) 

—Factors concerned in the development of experimental testicular 

tumors in rats. (Biskind, Bernstein, and Biskind: May-June) . 

Further pilot echographic studies on the histologic structure of 

tumors of the living intact human breast. (Wild and Reid: Sep- 

tember-October) . 

—Histochemical and morphologic differentiation of induced tumors 
of the liver in rats. (Firminger and Mulay: May-June) 

——Immunity to tumors transplanted in the brain of heterologous 

hosts. (Eichwald, Rambo, and Henry: May- June) 

Morphology of transplantable pituitary tumors induced by radio- 

nat iodine and the associated secondary changes. (Furth: May- 

une 

Natural resistance and acquired immunity to tumors transplanted 

to the anterior chamber of homologous hosts. (Eichwald, Chang, 

and Hattori: May-June) . 
changes following irradiation of tumors. ‘(Brues: May- 

June) . 

—— Properties of transplantable ‘methylcholanthrene-induced sarcomas 
in the newt. (Breedis: May-June) . 

——Some effects of concentrated aqueous extracts of malignant tumors 
on cancer patients. (Weiss: May-June) : 
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The occurrence in tarred rabbit skin of minor, almost mee 

tible, neoplastic changes. (Rous and Rogers: May- June) p 

The survival of human tumor tissue on the chorioallantoic mem- 

brane of the chick embryo. (Kaufman, Prieto, Mason, and Kinney: 

May-June). 

Tumors produced by methylcholanthrene i in the duck: ‘papilloma, 

squamous cell carcinoma, and hemangioma. (Rigdon: May-June) 

Neoplasm— Mixed tumors of the skin. (Morehead: May-June) . 

Testicular tumors in infants. (Mostofi: May-June) 

——Thymic tumors characterized by lymphangioendothelial structure. 
(Hubbell and Liebow: May-June) 

Neotetrazolium as a histochemical index of cell metabolism in the 
ovary. (Foraker and Denham: May-June) 

Nephrosis—Chronic glomerulonephritis and nephrotic “syndrome in- 

duced in rats by N,N’-diacetyl-benzidine. (Harman, Miller, and 

Miller: May -June) 

The effect of inorganic urine phosphate on the development of 

hemoglobinuric ... in rabbits. (Lalich: May-June) . 

Neurilemmoma of the stomach—an indirect cause of gastric ulceration 
and fulminating gastro-intestinal hemorrhage. Report of two cases. 
(Platt and Eynon: May-June) ‘ 

Nevus—The comparative morphogenesis of the dermo- epidermal nevi 
and malignant melanoma. (Berkheiser and Rappoport: May-June) 

Newt—Properties of transplantable methylcholanthrene-induced sar- 
comas in the. ( Breedis: May-June) : 

Nocardiosis. Nocardial osteomyelitis and septicemia. (Cruz and ‘Clancy: 
July-August) . 

Normal glomerulus and its basic reactions in disease. (Rinehart, Far- 
quahar, Jung, and Abul-Haj: May-June). . 

Nuclear changes following irradiation of tumors. (Brues: May- June) . 


Obesity—Familial diabetes mellitus in mice, associated with insulin 
resistance, ..., and hyperplasia of the islands of Langerhans. 
( Bleisch, Mayer, and Dickie: May-June) 

Observations on exogenous hemochromatosis apparently due to multi- 
ple transfusions. (Graef, Gordon, Newman, Olivetti, and Klein: 
May-June) 

Observations on the Gomori substance in the hypothalamus of dogs 
and rats under normal and experimental conditions. (Laqueur: 
May-June) 

Observations on the persistence of hepatic glycogen after death. 
(Morrione and Mamelok: May-June) 

Occurrence and distribution of glycogen in hemangioma, ‘ dermatofi- 
brosarcoma protuberans, hemangiopericytoma, and Kaposi’s sar- 
coma. (Bangle: November- December) 

Occurrence in tarred rabbit skin of minor, almost imperceptible, neo- 
plastic changes. (Rous and Rogers: -June) 

Osteomyelitis—Nocardiosis. Nocardial ... and septicemia. (Crus and 
Clancy: July-August) 

Ovary—Neotetrazolium as a histochemical index of cell metabolism in 
the . (Foraker and Denham: May-June) . . 

Oxyphil parathyroid adenomas. (Sommers and Young: July- August) 


Pp%2A histochemical study of irradiated bone. ~uiuameale November- 

December) 

Some autoradiographic studies of the distribution of ... and S* 

in mammalian tissues. (Holt and Warren: May-June) ; 

-———The inhibitory effect of beta radiation (...) on fibroplasia in | rat 
skin. (Lushbaugh and Storer: May- June) . 

Pancreas—Familial diabetes mellitus in mice, associated with insulin 
resistance, obesity, and hyperplasia of the islands of Langerhans. 
( Bleisch, Mayer, and Dickie: May-June) 
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——Hepatic and pancreatic changes produced in rats by ethionine and 
their relation to human lesions. (Popper, de la Huerga, and Koch- 
Weser: May-June) . 

Papilloma—The cytology of skin papillomas that yield virus-like par- 
ticles. (Bunting, Strauss, and Banfield: November-December) 
Parabiosis—Pathologic changes in parabiotic rats after hemi-adrena- 
lectomy and x-radiation. (Edwards and Sommers: May-June) . 
Parathyroid gland—Oxyphil ana adenomas. (Sommers and 

Pathogenesis of atheroma. (McLetchie: May-June) . 

Pathogenesis of polyarteritis nodosa in hypertensive rats. (Race and 
Peschel: May- June) . 

Pathologic changes in parabiotic rats after hemi-adrenalectomy ‘and 
x-radiation. (Edwards and Sommers: May-June) _. 

Pathologic changes in the gastric mucosa of the rat after histamine ad- 
ministration. (Cambel and Sgouris: November-December) ._ . 
Pathologic changes produced in chick embryos by yolk sac inoculation 
of a A Coxsackie virus. (Peers, Ransom, and Huebner: May- 

June) . 

Pathology of cortisone-enhanced. poliomyelitis i in the hamster following 
intracerebral inoculation of strain MEF). (Aronson and Shwarisz- 
man: May-June). . ee 

Pathology of epidemic hemorrhagic fever. (Hullinghorst: May-June) 

Pathology of meningiomas. A study of 121 cases. (Lapresle, Netsky, 
and Zimmerman: September-October) . 

Pathology of the acute radiation syndrome in man. (Lisco: May- June) 

p-dimethyl-amino-azobenzene—Effect of repeated x-radiation of the 
whole body on the development of tumors in rats fed . . (Hoch- 
Ligeti: May-June) 

Penicillin—M yocarditis, arteritis, and focal hepatic, splenic, and renal 


granulomas apparently due to ... sensitivity. alee May- 
June) .. 
Peptic ulcer—Incipient adenocarcinoma of the stomach i 


port of two cases. (Yesner: May-June) 
Phase microscope studies of renal glomeruli. Glomerular deposits of 
“hyaline” substances. (Churg and Grishman: May-June) ; 
Phosphate—The effect of inorganic urine ... on the development of 
hemoglobinuric nephrosis in rabbits. (Lalich: May-June) . , 

Pig—Lesions in swine exposed to total body gamma radiation from an 
atomic bomb source. (Tullis, Lamson, and Madden: May-June) . 

Pigment—Hemoglobin-derived and iron-storage pigments in cells: micro- 

spectroscopic analysis. (Mellors: May-June) . 

Iron deposits in the brain compared with similar deposits i in ' spleen, 

liver, lungs, and other organs, and their relationship to mental 

diseases and age. (Strassmann: May- June) 

Pituitary necrosis in routine necropsies. (Plaut: May: June, 542°; Sep- 
tember-October) 

Plasma proteins—An electrophoretic study of the origin of the abnormal 

. in multiple myeloma. (Miller, Brown, Miller, and Eitelman: 

Pneumonia—Aspiration of gastric contents. "An experimental study. 

(Teabeaut: January-February) . 

Interstitial ... and focal myocarditis it in poliomyelitis. (Jurow and 

Dolgopol: May- -June) 

—Necrotizing granulomatosis with angiitis and the atypical pneu- 

monitides. (Fienberg: May-June) 

Pulmonary fibrosis secondary to... . (Auerbach, Mims, “and 
Good pasture: January-February) 

Poliomyelitis—lInterstitial pneumonia and focal myocarditis x 
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——The pathology of cortisone-enhanced . . . in the hamster following 
intracerebral inoculation of strain arab (Aronson and Shwartz- 

Polyarteritis nodosa—Pathogenesis of... in hypertensive rats. (Race 
and Peschel: May-June). . 

Polypus—Inflammatory fibroid polyps of the stomach. (Helwig “and 
Ranier: May-June) 

Pontine hemorrhage in intracranial hypertension. (Fields and Halpert: 
May-June) 

Precipitin test for Bence Jones protein: “report on the serologic tests on 
urine of 1000 individuals, employing antibody prepared by the ad- 
juvant technic. (Collier and Jackson: May-June) 

Pregnancy—Metaplasia, hyperplasia, and neoplasia in the uterine cer- 
vix during . (Reagan, Redding, and Merrill: May-June) . 

Pregnancy effect—The similarity of the ... on the epithelium of the 
maternal and fetal cervix. (Hellman and Rosenthal: May-June) . 

Primary alveolar cell carcinoma of the lung. (Fisher: May-June). . 

Primary osteogenic sarcoma following x-irradiation. (Blumberg and 
Hufner: May-June) 

Primary systemic amyloidosis (report ‘of a case associated with bone 
marrow plasmacytosis, hyperglobulinemia, and sige vul- 
garis). (Worken and Wolf: May-June). 

Probable Hodgkin’s disease in a dog. (Bloom: May- June) : 

Proceedings—See American Association of Pathologists and Bacter- 
iologists. 

Properties of transplantable — sarcomas in 
the newt. (Breedis: May-June) . 

Pulmonary fibrosis secondary to pneumonia. (Auerbach, Mims, ‘and 
Goodpasture: January-February) . 

Pulmonary hemorrhage. Experimental studies. (Ahvenainen and Call: 
March-April) . 

Pulmonary hemorrhage in infants. A descriptive study. (Abvenainen 
and Call: January-February) . 

Purpura—Morphology of thrombotic thrombocytopenic with 
demonstration of aneurysms. (Orbison: January-February) 


Rabbit—A study of vascular reaction to radiation: rabbit ear chamber 

technic. (Moseley, Lushbaugh, and Hale: May-June) 

Studies on the nature and pathogenesis of muscular degeneration 

in cortisone-treated rabbits. (Ellis: May-June) .. 

—— The effect of inorganic urine phosphate on the development of hemo- 
globinuric nephrosis in rabbits. (Lalich: May-June) 

——The histology of antigenically stimulated lymph nodes in ‘rabbits 
given ACTH or cortisone. (Craig: July-August) 


——The occurrence in tarred ... skin of minor, almost imperceptible, 
neoplastic changes. (Rous and Rogers: May- 4 

Radiation syndrome—The pathology of the acute... in man. ' (Lisco: 
May-June). 

Rat—A correlation of morphologic with metabolic changes i in... skin 
following exposure to beta (Sr) radiation. (Lushbaugh and Hale: 
May-June) 


——Chronic glomerulonephritis. and nephrotic syndrome induced in 
rats by N,N’-diacetyl-benzidine. (Harman, Miller, and Miller: 
May-June) 

Comparative histologic effects of 400 kilovolt and 23 million elec- 

tron volt x-rays on the long bones of young albino rats. (Cauldwell 

and Bennett: May-June) . 

——Effect of repeated x- -radiation of the whole body on the develop- 
ment of tumors in rats fed p- Boccia -amino-azobenzene. (Hoch- 

——Effects of radioactive gold on the. . . liver. (Koletsky: May-June) 
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Experimental atherosclerosis in the ... . (Bragdon and Boyle: 

May-June) 

Factors concerned in the development of experimental testicular 

tumors in rats. (Biskind, Bernstein, and Biskind: May-June) . 

Further studies on the pathogenesis of urate calculi in the urinary 

tract of white rats. (Ungar and Ungar: March-April) 

——Hepatic and pancreatic changes produced in rats by ethionine ‘and 
their relation to human lesions. (Popper, de la Huerga, and Koch- 
Weser: May-June) . 

——Histochemical and morphologic differentiation of induced tumors 
of the liver in rats. (Firminger and Mulay: geal 

——Histology of the exteriorized gastric mucosa of the . . (Stevens 
and Toovey: May-June) . 

—Observations on the Gomori substance in the ‘hypothalamus of 

dogs and rats under normal and experimental conditions. ——" 

May-June). 

Pathogenesis of polyarteritis nodosa in hypertensive rats. ( Race 

and Peschel: May-June) . 

——Pathologic changes in parabiotic ‘rats after hemi-adrenalectomy 

and x-radiation. (Edwards and Sommers: May-June) 

Pathologic changes in the gastric mucosa of the. . . after histamine 

administration. (Cambel and Sgouris: November-December) 

Scoliosis and dissecting aneurysm of the aorta in rats fed with 

Lathyrus odoratus seeds. (Ponseti and Baird: November-December) 

Spontaneous demyelinating disease of adult rats. (Pappenheimer: 

—tThe bronchial arteries. III. Structural changes after division of 
the rat’s left pulmonary artery. (Ellis, Grindlay, and Edwards: 
January-February) 

——tThe dissolution of fatty cysts in precirrhotic and cirrhotic livers of 
choline-deficient rats treated with lipotropic factors. —— and 
Sellers: May-June) 

——The effect of aureomycin and terramycin on ‘the x- -radiated . 
(Furth, Coulter, and Howland: March-April) . 

——The effect of estrogens on the growth apparatus of the bones of 

immature rats. (Budy, Urist, and McLean: 

The inhibitory effect of beta radiation (P®?) on fibroplasia in . 

skin. (Lushbaugh and Storer: May-June) . 

Relation between morphologic and immunologic changes ‘caused by 
radiation. (Dixon and Talmage: May-June) . 

Relation of hemorrhage to hematopoiesis, blood coagulation and mor- 
tality after total body x-irradiation. (Rosenthal: May-June) 

Resorcinol—Interaction between eastern equine encephalomyelitis virus 
and certain ... derivatives. (Sanders, Kabara, Soret, and Akin: 
May-June) 

Reticulum pattern in smooth muscle tumors. (M ulligan: May-June) . 

Réle of arterial injury in the localization of secu cellulose. (Waters 
and Duff: May-June) 


S**—Selective uptake of radioactive sulfur by human chondrosarcomas. 
(Gottschalk and Allen: May-June) . . 
Some autoradiographic studies of the distribution of P®* and . 
in mammalian tissues. (Holt and Warren: May- =~ 
Sarcoidosis—The natural history of the lesions in... (Barrie and 
Bogoch: May-June) 
Sarcoidosis and (Iverson and Pinkerton: "May-June) 
Sarcoma—<Anitschkow cell ... of the heart. (Mainwaring and Ayres: 
——Primary osteogenic ... following x-irradiation. (Blumberg and 
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Scoliosis and dissecting aneurysm of the aorta in rats fed with Lathyrus 
odoratus seeds. (Ponseti and Baird: November-December) 

Selective uptake of radioactive sulfur by human chondrosarcomas. 
(Gotischalk and Allen: May-June) . . 

Serum sickness—The mechanism of action of cortisone on experimental 

(Germuth: May-June). 

Shock dtonsen in captive wild mammals. (Christian and Ratcliffe: July- 
August 

Sickle cell—The structural basis of sickling and its electron microscopy. 
(Rebuck, Monto, and Sturrock: May-June) . 

Similarity of the pregnancy effect on the epithelium of the maternal and 
fetal cervix. (Hellman and Rosenthal: May-June) 

Skeletal development and degenerative joint disease in mice treated 
with radioactive iodine (I'*'). (Silberberg and Silberberg: May-June) 

Skin—A correlation of morphologic with metabolic changes in rat... 
following exposure to beta (Sr®) radiation. (Lushbaugh and Hale: 


Clear cell myo- -epithelioma of ten cases. 
(Lever and Castleman: July-August) 

Mixed tumors of the . (Morehead: May- June) . 

——The cytology of ... ‘papillomas that yield virus-like particles. 
(Bunting, Strauss, ‘and Banfield: November-December) . : 
——The effect of beta rays on the... as a function of the energy, in- 
—— and duration of radiation. (Moritz and Henriques: May- 

June 


Some autoradiographic studies of the distribution of P®? and S** in 
mammalian tissues. (Holt and Warren: May-June) . 

Some effects of concentrated aqueous extracts of malignant tumors on 
cancer patients. (Weiss: May- June) 

Some similarities of action between ionizing radiation and sulfhydryl 
enzyme inhibition in vivo. (Hicks: May-June) . 

Spleen—Hamartoma of the... . A report of four cases. "(Coe and Von 
Drashek: July-August) 

——Myocarditis, arteritis, and focal hepatic, splenic, and renal granu- 
lomas apparently due to penicillin sensitivity. (Waugh: May-June) 

Spleen in hypersplenism. (Leffler: March- April) . 

Splenomegaly and Kurloff cell hyperplasia in guinea-pigs treated with 
stilbestrol. (Nadel: May-June) 

gy demyelinating disease of adult rats. (Pappenheimer: May- 

une ; 

Squamous cell—Morphology of the malignant . ae study of six 
thousand cells derived from . . . carcinomas of the uterine cervix. 
(Reagan and Moore: Jar .ary-February) 

Sr®—A correlation of morphologic with metabolic changes i in rat skin 
following exposure to beta (. . .) radiation. — and Hale: 


May-June) . 
Stilbestrol—Splenomegaly and Kurloff cell hyperplasia jin guinea- Pigs 
treated with . (Nadel: May-June) 


Stomach—Histology of the exteriorized gastric mucosa of the rat. 
(Stevens and Toovey: May-June) 


Incipient adenocarcinoma of the... ‘in ‘peptic ulcer. Report of 
two cases. (Yesner: May-June) . 
Inflammatory fibroid polyps of the... . (Helwig and Ranier: 
Neurilemmoma of the . . .—an indirect cause of gastric ulceration 


and fulminating gastro- -intestinal hemorrhage. Report of two cases. 

(Platt and Eynon: May-June) . 

Pathologic changes in the gastric mucosa of the rat after histamine 

administration. (Cambel and Sgouris: November- December) . 

Structural alterations within the aortic intima in infancy and child- 
hood. (Prior and Jones: May-June, 524*; September-October) 
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Structural basis of sickling and its electron microscopy. (Rebuck, 
Monto, and Sturrock: May-June) 

Studies of the clotting defect in dogs following total body irradiation. 
(Penick: May-June) . 

Studies on the nature and pathogenesis of muscular degeneration in 
cortisone-treated rabbits. (Ellis: May-June) 

Studies on the pathogenesis of glomerulonephritis. (Hopps, Kelly, and 
Engles: May-June) . 

Studies on the reduction of tetrazolium derivatives (TD) ‘by “normal 
and diseased human tissues. (Hsu and Hoch-Ligeti: May-June) 

Study of glioblastoma by the Golgi method. (Klatzo: May-June) 

Study of vascular reaction to radiation: rabbit ear chamber technic. 
(Moseley, Lushbaugh, and Hale: May-June) . 

Sulfhydryl enzyme—Some similarities of action between i ionizing radia- 
tion and ... inhibition im vivo. (Hicks: May-June) . 

Survival of human tumor tissue on the chorioallantoic membrane of 
se ale embryo. (Kaufman, Prieto, Mason, and Kinney: May- 

une 
Symposium on the pathologic aspects of reactions to ionizing radiation. 


Tar—The occurrence in tarred rabbit skin of minor, almost impercep- 
tible, neoplastic changes. (Rous and Rogers: May-June 
Technic—Frozen sectioning. A new and st method. (Bush “and 


Hewitt: September-October) 
Terramycin—The effect of aureomycin ‘and ... on the x-radiated rat. 
(Furth, Coulter, and Howland: March- April) 
——Therapy of the x-irradiation syndrome with . 
and Howland: September-October) . 


Testicular tumors in infants. (Mostofi: May-June) 

Testis—F actors concerned in the development of experimental testicular 
tumors in rats. (Biskind, Bernstein, and Biskind: May-June). . 

Tetrazolium—Studies on the reduction of ... derivatives (TD) by 
say and diseased human tissues. (Hsu and Hoch-Ligeti: May- 
Jun 

Therapy of the x-irradiation syndrome with ‘terramycin. (Coulter, Furth, 
and Howland: September-October) . 

Thrombocytopenia—Morphology of thrombotic thrombocytopenic pur- 
pura oo demonstration of aneurysms. (Orbison: January-Feb- 
ruary) . 

Thymic tumors characterized by lymphangioendothelial structure. 
(Hubbell and Liebow: May-June) . 

Thyroid gland—Histologic effects of therapeutic doses of radioactive 
iodine on the... of man. (Vickery: May-June) ; 

Tissue extracts—Effects of ... and of protein-split products upon 
leukocytes and upon capillary permeability. (Tershakovec and 
Moon: May-June) . 

Toxoplasmosis—Effects of total body radiation on a chronic, latent in- 
fection in which immunity is not dependent on the spleen (.. .). 
(Frenkel, Jacobs, and Melton: May-June) 

Transfusion—Observations on exogenous hemochromatosis ‘apparently 
due to multiple transfusions. (Graef, Gordon, Newman, Olivetti, and 
Klein: May-June) . 

ees oy passage of tumor cell emboli. (Zeidman. and Buss: 
May-June 

Trichinella—Effects of x- ray on trichina larvae. (Gould: May -June) 

Tuberculosis—The hemagglutination test in pulmonary... Cruick- 
shank and Wicks: May-June) 

Tuberculous lesions of the circulatory system. Report of two cases. 
(Neumann: September-October) 

Tumor cell passage ‘(Zeidman and 
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Tumor immunity—Loss of tumor-immune activity from serum following 
exposure to injured lymphoid cells. (Stoerk: May-June) . 

Tumor transplantation—Immunity to tumors transplanted in the brain 

of heterologous hosts. (Hichwald, Rambo, and Henry: May-June) 

Natural resistance and acquired immunity to tumors transplanted 

to the anterior chamber of homologous hosts. (EHichwald, Chang, 

and Hattori: May-June) . 

—The survival of human tumor tissue on the chorioallantoic mem- 
brane of the chick embryo. (Kaufman, Prieto, Mason and Kinney: 
May-June) 

Tumors produced “by methylcholanthrene in the duck: ‘papilloma, 
squamous cell carcinoma, and hemangioma. (Rigdon: May-June) 


Ultra-violet microscopy—Cellular changes after ionizing radiation: 
histochemical study and ... . — Holt, and Warren: 
May-June) 

‘*‘Untreated”’ bronchogenic carcinoma. A report of. thirty- five cases. 
(Tanner and Gordon: May-June, 536*; September-October) 

Unusual pathologic manifestations of dissecting aortic aneurysm, 
including one example of so-called incomplete —— (Hunter 
and Lium: November-December) . 

Urate calculi—Further studies on the pathogenesis of ...in the urinary 
tract of white rats. (Ungar and Ungar: March- April) 

Uterus—The histogenesis of malignant mixed tumors of Miillerian 
origin (mixed mesodermal tumor of the ...). (Clark, Sternberg, 


and Smith: May-June) 
Varicella—Myocarditis in association with... . (Hackel: May-June) 
Veins—Endophlebohypertrophy and phlebosclerosis. II. The external 
and common iliac... . (Lev and Saphir: May-June) 
Virus—Interaction between eastern equine encephalomyelitis ... and 
certain resorcinol derivatives. (Sanders, Kabara, Soret, and Akin: 
May-June) 


Myocarditis in association with varicella. (Hackel: May-June). 
——The cytology of skin papillomas that yield .. .-like particles. 


(Bunting, Strauss, and Banfield: November-December) . 

——tThe effect of x-rays on the ...-host cell relationship. (Cheever: 
May-June) 

——The histopathology of Coxsackie . . . infection in mice. II. Histo- 


chemical observations on the lesions in muscle and fat. (Godman, 
Bunting, and Melnick: July-August) . 
——The pathologic changes produced in chick embryos by yolk sac 
inoculation of group A Coxsackie .... (Peers, Ransom, and 
Huebner: May-June) 
The pathology of cortisone- enhanced poliomyelitis i in the hamster 
following intracerebral inoculation of strain MEF;. (Aronson and 


X-ray ers determination of the mass of histologic struc- 
by . (Fitzgerald, Williams, and Sherman: May- 

X-ray diffraction—The application of ...in pathology (with particular 
reference to pulmonary graphitosis). (MacMahon: May-June) 

X-rays—A study of vascular reaction to radiation: rabbit ear chamber 
technic. (Moseley, Lushbaugh, and Hale: May-June) 

——Comparative histologic effects of 400 kilovolt and 23 million elec- 
tron volt x-rays on the long bones of young albino rats. (Cauldwell 
and Bennett: May-June) . 

—— Effect of repeated x- -radiation of the whole body on the development 
of tumors in rats fed -dimethyl-amino-azobenzene. (Hoch- 
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——Effects of x-ray on trichina larvae. (Gould: May-June) 


Pathologic changes in parabiotic rats after hemi-adrenalectomy 

and x-radiation. (Edwards and Sommers: May-June) : 

——Primary osteogenic sarcoma following x-irradiation. (Blumberg and 
Hufner: May-June) 


Relation of hemorrhage to hematopoiesis, blood coagulation and 
mortality after total body x-irradiation. (Rosenthal: May-June) 


——The effect of whole body x-radiation upon cell division in radio- 
sensitive and radioresistant tissues. (Williams, deLong, and Jaffe: 


——tThe effect of ... on the virus-host cell relationship. (Cheever: 
May-June) 


——Therapy of the x-irradiation syndrome with terramycin. (Coulter, 
Furth and Howland: September-October) . 
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—s S. K. See Rinehart, Farquahar, Jung, and Abul-Haj ar 

une) . : 

Aegerter, E. E. " See Bobb, Aegerter, and Anderson (May-June) : 

Ahvenainen, E. K., and Call, J. D. Pulmonary hemorrhage in infants. 

A descriptive study. (January-February) 

and . Pulmonary hemorrhage. Experimental studies. 

(March- April) 

Akin, B. A. See Sanders, Kabara, Soret, and Akin (May -June) 

Allen, H. C., Jr. See Gottschalk and Allen (May-June) 

Anderson, T. G. See Bobb, Aegerter, and Anderson (May- June) . P 

Angevine, D. M. See Van Baaren, Ragaz, and Angevine (May-June) 

Aronson, S. M., and Shwartzman, G. The pathology of cortisone- 
enhanced poliomyelitis in the hamster following intracerebral in- 
oculation of strain MEF:. (May-June) . 

Auerbach, S. H., Mims, O. M., and Goodpasture, E. W. Pulmonary 
fibrosis secondary to pneumonia. (January-February) . . 

Ayres, W. W. See Mainwaring and Ayres (September-October) 


Baird, W. A. See Ponseti and Baird (November-December) . . 

Baker, R. D., and Selikoff, E. The cholesterol of hyaline arteriolo- 
sclerosis. (July- August) . 

Banfield, bey G. See Bunting, Strauss, and Banfield (November-De- 
cember 

Bangle, R., Jr. The occurrence and distribution of glycogen i in heman- 
gioma, dermatofibrosarcoma protuberans, 
and Kaposi’s sarcoma. (November-December) 

Barrie, H. J., and Bogoch, A. The natural history of the lesions in sar- 
coidosis. (May-June) . 

Bennett, G. A. See Cauldwell and Bennett (May-June) . é 

Berkheiser, S. W., and Rappoport, A. E. The comparative morpho- 
genesis of the dermo-epidermal nevi and malignant melanoma. 
(May-June) . 

Bernstein, D. E. See Biskind, Bernstein, and Biskind (May-June) 

Beyer, * G. See Fitzgerald, Beyer, Williams, and Sherman (May- 
June) . 

Biskind, G. R. , Bernstein, D. E., and Biskind, M. S. Factors concerned 
in ‘the development of experimental testicular tumors in. rats. 
(May-June) . 

Biskind, M. S. See Biskind, Bernstein, ‘and Biskind (May- June) Sage 

Black-Schaffer, Bu Kambe, S., Matsuoka, S., Watanabe, Z., and 
Wedemeyer, W. J., Jz. Leukemia in human exposees to the Hiro- 
shima and Nagasaki atomic bombs. (May-June) 

Bleisch, V. R., Mayer, J., and Dickie, M. M. Familial diabetes mellitus 
in mice, associated with insulin resistance, obesity, and hyper- 
plasia of the islands of Langerhans. (May-June) 

Block, M., and Jacobson, L. O. Development of acute leukemia in 
human adults. (May-June) 

Bloom, F. Probable Hodgkin’s disease i ina ‘dog. (May-June) : 

Blumberg, J. M., and Hufner, R. Primary osteogenic sarcoma following 
x- -irradiation. (May-June) . 

Blumenthal, H. T. See Pareira, Handler, and Blumenthal (May-June) 

Bobb, J. R. R., Aegerter, E. E., and Anderson, T. G. Experimental 
endocarditis and other changes in dogs with arteriovenous fistulas 
and bacteremia. (May-June) . : 

Bogoch, A. See Barrie and Bogoch (May-June) 

Boyle, E. See Bragdon and Boyle (May-June) 

Bragdon, J. H., and E. atherosclerosis in the rat. 
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Brecher, G., and Cronkite, E. P. Correlation of bone marrow injury 
9 petted in different species of irradiated mammals. (May- 
June) . 

Breedis, C. Properties of transplantable methylcholanthrene- induced 
sarcomas in the newt. (May-June) . 

Brown, C. E. See Miller, Brown, Miller, and Eitelman (May- June) 

Brown, J. H. U. See Gross, Brown, and Hatch (March-April) . : 

Brues, ag Nuclear changes following irradiation of tumors. (May- 
June) . 

Budy, A. M., Urist, M. R., and McLean, F. C. The effect of estrogens 
on the growth apparatus of the bones of immature rats. (Novem- 
ber-December) . 

Bunting, H. See Godman, Bunting, ‘and Melnick (March- April) 

- See Godman, Bunting, and Melnick (July-August) 

——, Strauss, M. 2 and Banfield, W. G. The cytology of skin papil- 
lomas that yield virus-like particles. (November-December) 

Burstone, M.S. A histochemical named of irradiated bone. (November- 
December) 

Bush, V., and Hewitt, R.E. Frozen sectioning. ‘A new and rapid r method. 
(September- October) 

Buss, J. M. See Zeidman and Buss ‘(May -June) . 


Call, J. D. See Ahvenainen and Call (January-February) 

. See Ahvenainen and Call (March-April) 

Cambel, P., and Sgouris, J. T. Pathologic changes in the gastric mucosa 
of the rat after histamine administration. (November-December) 

Castleman, B. See Lever and Castleman (July-August). . 

Cauldwell, E. W., and Bennett, G. A. Comparative histologic effects of 
400 kilovolt ‘and 23 million electron volt x-rays on the long bones 
of young albino rats. (May-June) . ‘ 

Chang, H. Y. See Eichwald, Chang, and Hattori (May- June) 

Cheever, F. S. The effect of x- rays on the virus-host cell relationship. 
(May-June) . 

Christian, C. W. See Orbison, Christian, and Peters (May- June) : 

Christian, J. J., and Ratcliffe, 'H. L. Shock disease in captive wild mam- 
mals. (July- August). . 

Churg, J., and Grishman, E. Phase microscope studies of renal glomer- 
uli. Glomerular deposits of “‘hyaline” substances. (May-June) 

Clancy, C. F. See Cruz and Clancy (July-August) 

Clark, W. H., Jr., Sternberg, W. H., and Smith, R. C. The histogenesis 
of malignant mixed tumors of Miillerian origin (mixed mesodermal 
tumor of the uterus). (May-June) 

Coe, J. I., and Von Drashek, S. C. Hamartoma of the spleen. A report 
of four cases. (July- August) 

Collier, F. C., and Jackson, P. The precipitin test for Bence Jones pro- 
tein: report on the serologic tests on urine of 1000 individuals, em- 
ploying antibody prepared by the adjuvant technic. (May-June) 

Congdon, C. C. Benign and malignant chordomas. A clinico-anatomical 
study of twenty-two cases. (September-October) 

——, Uphoff, D., and Lorenz, E. Modification of acute irradiation i injury 
in mice and guinea-pigs by bone marrow injections: a histo- 
pathologic study. (May-June). . 

Coulter, M. P. See Furth, Coulter, and Howland (January- February) 

——. See Furth, Coulter, and Howland (March-April) . 

—. See Furth, Coulter, and Howland (March-April) . 

——, Furth, F. W., and Howland, J. W. Therapy of the x-irradiation 
syndrome with terramycin. (September- October) . 

Craig, J. M. The histology of antigenically stimulated lymph nodes in 
rabbits given ACTH or cortisone. (July-August). 

——, and Landing, B. H. A form of hepatitis in the neonatal | period 
biliary atresia. (May-June) 
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Cronkite, E. P. See Brecher and Cronkite (May-June) . 

Cruickshank, R., and Wicks, B. T. The inmate test in pul- 
monary ‘tuberculosis. (May-June). . 

Cruz, P. T., and Clancy, C. F. Nocardiosis. Nocardial osteomyelitis 


Dammin, G. J. See Goldman, Schroeder, and Dammin (May-June) 

de la Huerga, J. See Popper, de la Huerga, and Koch-Weser — 
June) . 

deLong, R. P. See ‘Williams, deLong, and Jaffe (May-June) 

Denham, S. W. See Foraker and Denham (May-June) . 

Diamond, I. See Farber, Diamond, Foley, and Modest (May-June) 

Dickie, M. M. See Bleisch, Mayer, and Dickie (May-June) . 

Dixon, F. J., and Talmage, D. W. The relation between morphologic 
and immunologic changes caused by radiation. (May-June) 

Dolgopol, V. B. See Jurow and Dolgopol (May-June) 

Duarte, E. See Magarinos Torres, Duarte, Guimaraes, and Moreira 
(January-February) . 

Duff, R. S. See Waters and Duff (May- June) 


Edwards, J. E. See Ellis, Grindlay, and Edwards (January-February) 

Edwards, J. L., and Sommers, S. C. Pathologic changes in parabiotic 
rats after hemi- adrenalectomy and x-radiation. (May-June) 

Eichwald, E. J., Chang, H. Y., and Hattori, M. Natural resistance and 
acquired immunity to tumors transplanted to the anterior chamber 
of homologous hosts. (May-June) . 

——, Rambo, O. N., and Henry, J. Immunity to tumors transplanted 
in the brain of heterologous hosts. (May-June) . 

Eitelman, E. S. See Miller, Brown, Miller, and Eitelman (May- June) 

Ellis, F. H., Jr., Grindlay, J. is and Edwards, J. E. The bronchial 
arteries. II. Structural changes after division of the rat’s left 
pulmonary artery. (January-February) 

Ellis, J. T. Studies on the nature and pathogenesis of muscular de- 
generation in cortisone-treated rabbits. (May-June) 

Engles, R. L. See Hopps, Kelly, and Engles (May-June) ; 

Etheridge, E. M., and Hoch-Ligeti, C. Lipid deposition in aortas in 
younger age "groups following cortisone and adrenocorticotrophic 

Eynon, J. R. See Platt and Eynon (May-June) 


Farber, S., Diamond, I., Foley, G., and Modest, E. J. Carcinolytic ac- 
tion of a series of new biologically significant dihydrotriazines. 
(May-June) . 

se = M. See Rinehart, Farquahar, ‘Jung, and Abul- Haj (May- 

une) . 

Felton, W. L., Il. See Liebow, Loring, and Felton (May- -June) ‘ 

Fields, W. S., and Halpert, B. Pontine hemorrhage in intracranial hy- 
pertension. (May-June) 

Fienberg, R. Necrotizing granulomatosis with. angiitis and the atypical 
pneumonitides. (May-June) . 

Firminger, H. I., and Mulay, A. S. Histochemical and morphologic 
differentiation of induced tumors of the liver in rats. (May-June) 

Fisher, E. R., Kaufman, N., and Mason, E. J. Hemangiopericytoma: 
histologic and tissue culture studies. (July-August) 

Fisher, J. H. Primary alveolar cell carcinoma of the lung. (May -June) 

Fitzgerald, P. J., Beyer, H. G., Williams, N. T., and Sherman, H. The 
determination of the mass of histologic structures by x-ray ab- 
sorption. (May-June) . ye 

Foley, G. See Farber, Diamond, Foley, and Modest (May- June) 

Foot, N. C. The identification of types of rs cancer in vitae 
smears. (November-December) ‘ 
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Foraker, A. G., and Denham, S. W. Neotetrazolium as a histochemical 
index of cell metabolism in the ovary. (May-June) . 

Frenkel, J. K., Jacobs, L., and Melton, M. L. Effects of ‘total body 
radiation on a chronic, latent infection in which immunity is not 
dependent on the spleen (toxoplasmosis). (May-June) . 

Furth, F. W. See Coulter, Furth, and Howland (Septem ber-October) 

——, Coulter, M. P., and Howland, J. W. Bacteriologic studies of the 

x- radiated dog. (March- April). . 

» Coulter, M. P., and Howland, if W. The effect of aureomycin 

and terramycin on the x-radiated rat. (March-April) , 

, Coulter, M. P., and Howland, J. W. The effect of aureomycin on 
the radiation syndrome i in dogs. (January-February) 

Furth, J. Morphology of transplantable pituitary tumors induced by 
radioactive iodine and the associated 


Germuth, F. G., Jr. The mechanism of action of cortisone on experi- 
mental serum sickness. (May-June) . 

Gershon-Cohen, J., and Ingleby, H. The myoepithelial cell in the nor- 
mal breast. (May-June) . 

Godman, G. C., Bunting, H., and Melnick, a: L. The histopathology of 
Coxsackie virus infection in mice. 1. Morphologic observations 
with four different viral types. (March-April) ; 

» and . The histopathology of Coxsackie virus infection 
in mice. II. Histochemical observation on the lesions in muscle 
and fat. (July-August) . 

Goldman, M. L., Schroeder, ‘and Dammin, CG. Morphologic 
alterations i in the kidney during prolonged experimental renal and 
neurogenic hypertension in the dog. (May-June) 

Goodpasture, E. W. See Auerbach, Mims, and Goodpasture (January- 
February) . 

ae S. See Graef, Gordon, Newman, Olivetti, and Klein (May- 

une) . 

Gordon, H. See Tanner and Gordon’ (May-June, 536"; September- 
October) . 

Gottschalk, R. G., and Allen, ‘i. C., ‘Jr. "Selective uptake of radioactive 
sulfur by human chondrosarcomas. (May-June) : ; 

Gould, S. E. Effects of x-ray on trichina larvae. (May- June) ' 

Graef, I., Gordon, B. S., Newman, W., Olivetti, R. G., and Klein, B. 
Observations on exogenous hemochromatosis apparently due to 
multiple transfusions. (May-June) 

Grindlay, J. H. See Ellis, Grindlay, and Edwards (January-February) 

Grishman, E. See Churg ‘and Grishman (May-June) ; 

Gross, P., Brown, J. H. U., and Hatch, T. F. Experimental endogenous 
lipoid pneumonia. (March- April) . 

Guimaraes, J. P. See Magarinos Torres, Duarte, Guimaraes, ‘and 


Hackel, D. B. Myocarditis in association with varicella. ain aed 

Hale, D. B. See Lushbaugh and Hale (May-June) ‘ 

——. See Moseley, Lushbaugh, and Hale (May-June) .. 

Hale, W. M., and Stoner, R. D. The effect of gamma radiation on anti- 
body production and immunity. (May-June) 

Halpert, B. See Fields and Halpert (May-June) . : 

Handler, F. P. See Pareira, Handler, and Blumenthal (May- June) : 

Harman, J. W., Miller, E. C., and Miller, J. A. Chronic glomerulone- 
phritis and nephrotic syndrome induced in rats by N,N’- spaniel 
benzidine. (May-June)... 

Hartroft, W. S. Ceroid-like pigments, hemoceroid and hyaloceroid, in 
atheromatous lesions of human subjects. (May-June) 
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——, and Sellers, E. A. The dissolution of fatty cysts in precirrhotic 
and cirrhotic livers of choline-deficient rats treated with aa cate 

Hatch, T. F. See Gross, Brown, and Hatch (March- April) . 

Hattori, M. See Eichwald, Chang, and Hattori (May-June) 

Hedal, E. F. See Kellner and Hedal (May-June). . 

Hellman, L. M., and Rosenthal, A. H. The similarity of ‘the pregnancy 
effect on the epithelium of the maternal and fetal cervix. (May- 


June) 

nadie, E. B., and Ranier, A. Inflammatory fibroid polyps of the stom- 
ach. (May- June). 

Henriques, F. W., Jr. See Moritz and Henriques (May-June) . 

Henry, J. See Eichwald, Rambo, and Henry (May-June) 

Hewitt, R. E. See Bush ‘and Hewitt (September-October) 

Hicks, S. P. Some similarities of action between ionizing radiation and 
sulfhydryl enzyme inhibition im vivo. (May-June) 

Hoch-Ligeti, C. Effect of repeated x-radiation of the whole body on the 
development of tumors in rats fed p- erent azobenzene. 
(May-June) . 

——. See Etheridge and Hoch- Ligeti (March- ‘April) . 

——. See Hsu and Hoch-Ligeti (May-June) . 

Hoekenga, M. T. See Kean and Hoekenga (November-December) 

Holt, M. W. See Sommers, Holt, and Warren (May-June) 

——, and Warren, S. Some autoradiographic studies of the distribution 
of P® and S** in mammalian tissues. (May-June) ae 

Hopps, H. C. See Joel and Hopps (May-June) . 

—, Kelly, F. C., and Engles, R. L. Studies on the pathogenesis of 
glomerulonephritis. (May-June) . 

Howland, J. W. See Coulter, Furth, and Howland (September-October) 

ee See Furth, Coulter, and Howland (January-February) 

—. See Furth, Coulter, and Howland (March-April) . 

——. See Furth, Coulter, and Howland (March-April) . . 

Hsu, Y. T., and Hoch-Ligeti, C. Studies on the reduction of tetrazolium 
derivatives (TD) by normal and diseased human tissues. (May- 
June 

Hubbell, D. S., and Liebow, A. A. Thymic tumors characterized by 
lymphangioendothelial structure. (May-June) . i 

Huebner, R. J. See Peers, Ransom, and Huebner (May-June) . 

Hufner, R. See Blumberg and Hufner (May-June) . 

Hullinghorst, R. L. The panied of epidemic hemorrhagic fever. 
(May-June) . 

Hunter, W. C., and Lium, J. ‘H. Unusual pathologic manifestations of 
dissecting "aortic aneurysm, including one example of so-called in- 
complete rupture. (November-December) P 


Ingleby, H. See Gershon-Cohen and Ingleby (May-June) . 

Inglis, K. The nature of agenesis and deficiency of parts. The influence 
of intrinsic factors in disease when development of the body is ab- 
normal, as illustrated by agenesis of the digits, facial a 
and cerebral agyria and microgyria. (May-June) . 

Iverson, .” and seeeeiaaas H. Sarcoidosis and d histoplasmosis. (May- 
June 


Jackson, P. See Collier and Jackson (May-June) 

Jacobs, L. See Frenkel, Jacobs, and Melton (May-June) 

Jacobson, L. O. See Block and Jacobson (May-June) 

Jaffe, J. J. See Williams, deLong, and Jaffe (May-June) 

Joel, W., and Hopps, H. C. Histochemical and fluorescent microscopic 
studies of ground substance. (May-June) 

Johnson, F. R. Anoxia as a cause of endocardial fibroelastosis in in- 
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Jones, D. B. See Prior and Jones (May-June, 524*; September-October) 
Jung, H.C. See Rinehart, Farquahar, Jung, and Abul-Haj (May-June) 
Jurow, S. S., and Dolgopol, V. B. Interstitial pneumonia and focal myo- 

carditis in poliomyelitis. (May-June) 


Kabara, J. J. See Sanders, Kabara, Soret, and Akin(May-June) . . 
Kambe, S. See Black-Schaffer, Kambe, Matsuoka, Watanabe, and 
Wedemeyer (May-June) 

Kaufman, N. See Fisher, Kaufman, ‘and Mason (July- August) . ; 

» Prieto, L. C., Jr., Mason, E. J., and Kinney, T. D. The sur- 
vival of human tumor tissue on the he wl membrane of 
the chick embryo. (May-June) . 

Kean, B. H., and Hoekenga, M. T. Giant cell myocarditis. (November- 


December) 

Keil, P. G. See Wadsworth and Keil (May- -June, 517* : November- 
December) 

Kellner, A., and Hedal, E. F. Experimental erythroblastosis fetalis. 
(May- June) 


Kelly, F. C. See Hopps, Kelly, and Engles. (May- June) . : 

Kimmelstiel, P., Large, H. L., Jr., and Verner, H. D. Liver damage ir in 
ulcerative colitis. (March- April) 

Kinney, T. D. See Kaufman, Prieto, Mason, and Kinney (May -June) 

Klatzo, I. A study of glioblastoma multiforme by the Golgi method. 
(May-June) . 

Klein, B. See Graef, Gordon, ‘Newman, Olivetti, and Klein (May- June) 

oe D. See Popper, de la Huerga, and Koch-Weser (May- 
June 

Koletsky, S. Effects of radioactive gold on the rat liver. (May-June) 


Ladewig, P. P. The clinicopathologic significance of multinucleated 
giant cells in the tubular epithelium of the kidney. (May-June) 
Lalich, J. J. The effects of inorganic urine phosphate on the ae 

of hemoglobinuric nephrosis in rabbits. (May-June) . . 
Lamson, B. G. See Tullis, Lamson, and Madden (May-June) 
Landing, B. H. See Craig and Landing (May-June) . 

Lapresle, J., Netsky, M. G., and Zimmerman, H. M. The pathology of 
meningiomas. A study. of 121 cases. (September-October) 

Laqueur, G. L. Observations on the Gomori substance in the hypo- 
thalamus of dogs and rats under normal and experimental con- 

ditions. (May-June) 

Large, H. L., Jr. See Kimmelstiel, Large, and Verner (March- April) 
J. H. See Rosahn, Tobias, and Lawrence (January- 
Leffler, R. J. The spleen in ‘hypersplenism. (March-April) . 

Lemmen, L. J. See Martin and Lemmen (November- December) 

Lev, M., and Saphir, O. Endophlebohypertrophy and phlebosclerosis. 

II. The external and common iliac veins. (May-June) . 

Lever, W. F., and Castleman, B. Clear cell myo- — of the skin. 

Report of ten cases. (July-August) . ee 
Liebow, A. A. See Hubbell and Liebow (May-June) . 

——, Loring, W. E., and Felton, W. L., II. The muscle tissue of the 
lung i in chronic pulmonary disease. (May- June) ~ 
Lisco, H. The pathology of the acute radiation — in man. 

(May-June) 

Lium, J. H. See Hunter and Lium (November- December) . 
Lorenz, E. See Congdon, Uphoff, and Lorenz (May-June) 

Loring, W. E. See Liebow, Loring, and Felton (May-June) . 
Lund, H. Z. Intraepidermal basal cell epithelioma (May-June) 
Lupton, C. H., Jr. See McManus and Lupton (May-June). . 
Lushbaugh, Cc. C. See Moseley, Lushbaugh, and Hale (May- June) 
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——, and Hale, D. B. A correlation of morphologic with metabolic 
changes in rat skin following exposure to beta (Sr®) radiation. 
(May-June) . 

——, and Storer, J. B. The inhibitory effect of beta radiation (P*) on 
fibroplasia in rat skin. (May-June) 


MacMahon, H. E. The application of x-ray diffraction in pathology 
(with particular reference to pulmonary graphitosis). (May-June) 

Madden, S. C. See Tullis, Lamson, and Madden (May-June) . 

Magarinos Torres, C., Duarte, E., Guimaraes, J. P., and Moreira, L. F. 
Destructive lesions of the adrenal gland in South American blas- 
tomycosis (Lutz’ disease). (January-February) . 

Mainwaring, R. L., and Ayres, W. W. Anitschkow cell sarcoma of the 
heart. (September- October) 

Mamelok, H. L. See Morrione and Mamelok (May-June) eS 

Manuell, L. J. See Szanto, Popper, and Manuell (May-June) . 

Martin, F., Jr., and Lemmen, L. J. Calcification in intracranial neo- 
plasms. (November- December) . : 

Mason, E. J. See Fisher, Kaufman, and Mason (July-August) . 

. See Kaufman, Prieto, Mason, and Kinney (May-June) . 

Matsuoka, S. See Black- Schaffer, Kambe, Matsuoka, vee: ‘and 
Wedemeyer (May-June). 

Mayer, J. See Bleisch, Mayer, and Dickie (May-June) . ; 

McClenahan, J. L. See Vogel and McClenahan (july-August) . : 

McLean, F. C. See Budy, Urist, and McLean (November- December) 

McLetchie, N. G. B. The pathogenesis of atheroma. (May-June) . 

McManus, J. F. A., and Lupton, C. H., Jr. Histochemical correlations 
in ischemic obsolescence of glomeruli. (May-June). . 

Mellors, R. C. Hemoglobin-derived and iron-storage pigments in cells: 
microspectroscopic analysis. (May-June) 

Melnick, J. L. See Godman, Bunting, and Melnick (March- April) 

— See Godman, Bunting, and Melnick (July-August) ; 

Melton, M. L. See Frenkel, Jacobs, and Melton (May-June) 

Merrill, J. A. See Reagan, Redding, and Merrill (May-June) 

Miller, E. C. See Harman, Miller, and Miller (May-June) .. 

Miller, E. E. See Miller, Brown, Miller, and Eitelman (May-June) 

Miller, G. L., Brown, C. E. Miller, E. E, and Eitelman, E.S. An elec- 
trophoretic study of the origin of the abnormal plas-aa proteins in 
multiple myeloma. (May-June) . 

Miller, J. A. See Harman, Miller, and Miller (May- June) 

Millican, R. C. See Mowry and Millican (May-June) . 

Mims, O. a See Auerbach, Mims, and Goodpasture (January- Feb- 
ruary 

Modest, E. J. See Farber, Diamond, Foley, and Modest (May- June) . : 

Monto, R. W. See Rebuck, Monto, and Sturrock ow ‘ 

Moon, V. H. See Tershakovec and Moon (May-June) : 

Moore, R. D. See Reagan and Moore (January-February) . 

Morehead, R. P. Mixed tumors of the skin. (May-June) ‘ 

Moreira, L. F. See Magarinos Torres, Duarte, Guimaraes, and Moreira 
(January-February) . 

Moritz, A. R., and Henriques, F. W., Jr. The effect of beta rays on the 
skin as a function of the energy, intensity, and duration of ra- 
diation. (May-June) . 

Morrione, T. G., and Mamelok, H. L. Observations on the persistence 
of hepatic glycogen after death. (May-June). 

Moseley, R. D., Jr., Lushbaugh, C. C., and Hale, D. B. A study of vas- 
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June) . ; 

Mostofi, F. K. Testicular tumors in infants. (May-June) ‘ 

Mowry, R . W., and Millican, R. C. A histochemical study of the dis- 
tribution and fate of dextran in tissues of the mouse. (May-June) 
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Mulay, A. S. See Firminger and Mulay (May-June) f tine 
— R. M. Reticulum pattern in smooth muscle tumors. _(May- 


Nadel, E. M. Splenomegaly and Kurloff cell hyperplasia in guinea-pigs 
treated with stilbestrol. (May-June) . 

Netsky, M. G. See Lapresle, Netsky, and Zimmerman (September- 
October) 

Neumann, M. A. Tuberculosis lesions of the ‘circulatory system. "Re- 
port of two cases. (September-October) : 

Newcomer, V. D. See Tarbet, Wright, and Newcomer (September- 
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Newman, W. See Graef, Gordon, Newman, 2, Olivetti, and Klein \ (May- 


June) 


Olivetti, "4 G. See Graef, Gordon, Newman, Olivetti, and Klein (May- 

Orbison, J. L. Morphology of thrombotic thrombocytopenic purpura 
with demonstration of aneurysms. (January-February) . 

——, Christian, C. W., and Peters, E. The effects of fluid and elec- 
trolyte balance on bilaterally nephrectomized dogs. (May-June) 


Pappenheimer, A. M. Spontaneous demyelinating disease of adult rats. 

Pareira, M. D., Handler, F. P., and Blumenthal, H. T. Aging processes 
in arterial and venous systems of the lower extremity. (May- 
June) . 

Peers, J. H., Ransom, S. E., and Huebner, R. J. The "pathologic 
changes produced in chick embryos by yolk sac inoculation of 
group A Coxsackie virus. (May-June) 

Peery, T. M. Does brucellosis cause calcific aortic stenosis? II. The 
pathologic evidence. (May-June) . 

Penick, G. D. Studies of the clotting defect in dogs following t total 
body irradiation. (May-June). . 

Peschel, E. See Race and Peschel (May-June) ‘ 

Peters, E. See Orbison, Christian, and Peters (May-June) . 

Pinkerton, H. See Iverson and Pinkerton (May-June) ; 

Platt, W. R., and Eynon, J. R. Neurilemmoma of the stomach—an in- 
direct cause of gastric ulceration and fulminating gastro-intestinal 
hemorrhage. Report of two cases. (May-June) . 

Plaut, A. Pituitary necrosis in routine necropsies. (May- June, 542%; 
September-October) . 

Ponseti, I. V., and Baird, W.A. Scoliosis and dissecting aneurysm of the 
aorta in rats fed with Lathyrus odoratus seeds. lianas seat 
cember) . 

Popper, H. See Szanto, Popper, and Manuell (May-June) . 

——, de la Huerga, J., and Koch-Weser, D. Hepatic and pancreatic 
changes produced in rats by ethionine and their relation to human 
lesions. (May-June). . 

Prieto, L. C., Jr. See Kaufman, Prieto, Mason, ‘and Kinney (May- June) 

Prior, J. T., "and Jones, D. B. Structural alterations within the aortic 
intima in infancy and childhood. (May-June, 524° ; _—— 


Race, G. J., and Peschel, E. Pathogenesis of polyarteritis nodosa in 
hypertensive rats. (May- June). a 

Ragaz, F. J. See Van Baaren, Ragaz, and Angevine (May- June) 

Rambo, 0: N. See Eichwald, Rambo, and Henry (May-June) . 

Ranier, A. See Helwig and Ranier (May- June) 

Ransom, S. E. See Peers, Ransom, and Huebner (May- June) . 

Rappoport, A. E. See Berkheiser and Rappoport (May-June) 
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Ratcliffe, H. L. See Christian and Ratcliffe (July-August) 

Reagan, J. W.,and Moore, R. D. Morphology of the malignant squam- 
ous cell. A study of six thousand cells derived from squamous cell 
carcinomas of the uterine cervix. (January-February) . 

——, Redding, T. H., and Merrill, J. A. Metaplasia, hyperplasia, ‘and 
neoplasia i in the uterine cervix during ce (May-June). 

Rebuck, J. W., Monto, R. W., and Sturrock, R. M. The structural basis 
of sickling and its electron microscopy. (May- June) . : 

Redding, T. H. See Reagan, Redding, and Merrill (May- June) 

Reid, J. M. See Wild and Reid (September-October) . 

Rigdon, R. H. Tumors produced by methylcholanthrene i in the duck: 
papilloma, squamous cell carcinoma, and hemangioma. (May-June) 

Rinehart, J. F., Farquahar, M., Jung, H. C., and Abul-Haj, S. K. The 
normal glomerulus and its basic reactions in disease. (May-June) 

Rogers, S. See Rous and Rogers (May-June) . 

Rosahn, P. D., Tobias, C. A., and Lawrence, J. H. Effects on the white 
mouse of a single whole-body exposure to 190 mev. deuterons. 
(January-February) . 

Rosenshein, J. See Spain and Rosenshein (May-June) . ; 

Rosenthal, A. H. See Hellman and Rosenthal (May-June) . 

Rosenthal, R. L. Relation of hemorrhage to hematopoiesis, blood co- 
agulation and mortality after total body x-irradiation. (May- 

Rous, P., and Rogers, S. The occurrence in tarred rabbit skin of minor, 

almost imperceptible, neoplastic changes. (May-June) . 


Sanders, M., Kabara, J. J., Soret, M. G., and Akin, B. A. Interaction 
between eastern equine encephalomyelitis virus and certain re- 
sorcinol derivatives. (May-June) . 

Saphir, O. See Lev and Saphir (May- June) ‘ 

Schroeder, H. A. See Goldman, Schroeder, and Dammin (May- June) 

Selikoff, E. See Baker and Selikoff (July-August) . 

Sellers, A. See Hartroft and Sellers (May-June) . . 

Sgouris, J. T. See Cambel and Sgouris (N ovember-December) | Be 

H. See Fitzgerald, Beyer, Williams, and Sherman 
June) . 

Shwartzman, G. See Aronson and Shwartzman (May- June) 

Silberberg, M., and Silberberg, R. Skeletal development and de- 
generative "joint disease in mice treated with radioactive iodine 
(I'#"). (May-June) 

Silberberg, R. See Silberberg and Silberberg (May- June) 

Smith, R. C. See Clark, Sternberg, and Smith (May-June) . 

Sommers, S.C. See Edwards and Sommers (May-June) 

——, Holt, M. W., and Warren, S. Cellular changes after ionizing 
radiation: h histochemical study and ultra-violet microscopy. (May- 
June 
—, and Young, T.L. Oxyphil parathyroid adenomas. (July-August) 

Soret, M. G. See Sanders, Kabara, Soret, and Akin (May-June) ; 

Spain, D. M., and Rosenshein, J. The absence of lipid in iain 
arteriolar sclerosis. (May-June) 

Sternberg, W. H. See Clark, Sternberg, and Smith (May- June) 

Stevens, C. E., and Toovey, E. W. Histology of the exteriorized gastric 
mucosa of the rat. (May- June) 

Stoerk, H. C. Loss of tumor-immune activity from serum following 
exposure to injured lymphoid cells. (May-June) 

Stoner, R. D. See Hale and Stoner (May-June) 

Storer, J. B. See Lushbaugh and Storer (May-June) 

Strassmann, G. Iron deposits in the brain compared with ‘similar de- 
posits in spleen, liver, lungs, and other organs, and their relation- 
ship to mental diseases and age. (May-June) 
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Strauss, M. J. See Bunting, Strauss, and Banfield (November-De- 
cember) . 
Sturrock, R. M. See Rebuck, Monto, and Sturrock (May- June) ‘ 
Szanto, P. B., Popper, H., and Manuell, L. J. Extrahepatic obstructive 

jaundice i in liver biopsy specimens. (May-June) 


Talmage, D. W. See Dixon and Talmage (May-June) ; 

Tanner, G. R., and Gordon, H. “‘Untreated”’ bronchogenic carcinoma. 
A report "of thirty-five cases. (May-June, 536*; catia’ Oc- 
tober) . 

Tarbet, J. E., Wright, E. *.. and Newcomer, Vv. D. " Experimental 
coccidioidal granuloma. Developmental — of sporangia in mice. 
(September-October) 

Teabeaut, J. R. Aspiration of gastric contents. An experimental study. 
(January-February) 

Tershakovec, G. A., and Moon, V. H. Effects of tissue extracts and of 
protein-split products upon leukocytes and upon capillary permea- 
bility. (May-June) . 

Tobias, C. A. See Rosahn, Tobias, and Lawrence (January-February) 

Toovey, E. W. See Stevens and Toovey (May-June) 

Tullis, J. L., Lamson, B. G., and Madden, S. C. Lesions in swine ex- 
posed to total body gamma radiation from an atomic bomb source. 


Ungar, H., and Ungar, R. Further studies on the pathogenesis of urate 
calculi in the urinary tract of white rats. (March-April) 

Ungar, R. See Ungar and Ungar (March-April) .. : 

Uphoff, D. See Congdon, Uphoff, and Lorenz (May- June) . 

Urist, M. R. See Budy, Urist, and McLean (November-December) 


Van Baaren, H. J., Ragaz, F. J., and Angevine, D. M. The effect of low 
dosage total body irradiation on the hematopoietic system of me 
(May-June) . 

Verner, H. D. See Kimmelstiel, Large, and Verner (March- April) . 

Vickery, A. L. Histologic effects of therapeutic doses of radioactive 
iodine on the thyroid gland of man. (May-June) 

Vogel, F. S., and McClenahan, J. L. Anomalies of major cerebral 
arteries ‘associated with congenital malformations of the brain. 
With special reference to the pathogenesis of anencephaly. (July- 
August) . 

Von Drashek, S. C. See Coe and Von Drashek (July- August) 


Wade, H. W. Demonstration of acid-fast bacilli in tissue sections. 
(January-February) . 

Wadsworth, R. C., and Keil, P. G. _ Biopsy of the liver in infectious 
mononucleosis. (May- -June, 517*; November- December) 

Warren, S. The general pathology of radiation reaction. salad June) 

See Holt and Warren (May-June) 

——. See Sommers, Holt, and Warren (May- June) . 

Watanabe, Z. See Black- ‘Schaffer, Kambe, Matsuoka, Watanabe, ‘and 
Wedemeyer (May-June) 

Waters, L. L., and Duff, R. S. The réle of arterial i injury in the local- 
ization of methyl cellulose. (May-June) 

Waugh, D. Myocarditis, arteritis, and focal hepatic, splenic, and renal 
granulomas apparently due to penicillin sensitivity. (May-June) 

Wedemeyer, W. J., Jr. See Black-Schaffer, Kambe, Matsuoka, Wata- 
nabe, and Wedemeyer (May-June) 

Weiss, E. Some effects of concentrated aqueous extracts of malignant 
tumors on cancer patients. (May-June) . 

Wicks, B. T. See Cruickshank and Wicks (May- -June) 
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Williams, N. T. See Fitzgerald, ‘Beyer, Williams, and Sherman (May- 


June) 

Williams, R. B., deLong, 'R. ».. and Jaffe, J. J. The effect of whole 
body x-radiation upon cell division in radiosensitive and radio- 
resistant tissues. (May-June) . 

Wolf, J. See Worken and Wolf (May-June) : 

Worken, B., and Wolf, J. Primary systemic amyloidosis (report of a 
case associated with bone marrow plasmacytosis, hyperglobu- 
linemia, and pemphigus vulgaris). (May-June) . 

Wright, E. T. See Tarbet, Wright, and Newcomer (September-October) 


Yesner, R. Incipient adenocarcinoma of the stomach in peptic ulcer. 
Report of two cases. (May-June) . 
Young, T. L. See Sommers and Young (July-August) 


Zeidman, I., and Buss, J. M. Transpulmonary passage of tumor cell 
emboli. (May-June) . 

Zimmerman, H. M. See Lapresle, Netsky, and Zimmerman (September- 
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